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CONTROL APPARATUS AND METHOD W TH CORRECTI ON OF TRI AL MANI PULATE
BACKGROUND OF THE I NVENTION 1. Field of .the I'nvention === 1 A
invention relates to a control apparatus and a controh.@epheﬁfﬁgﬂd
particularly to facilitated determ nation ofta transfe MR WY
Description of the Reldated Art In-a- pl ant - or “the like, AfG e —
t wo- degr ee- of -freedom 10 . controller is used as a contr ToF _
18 shows ‘the configuration of -a conventional two-degree-of-freedom:
controller 2 in ternEONTROL APPNRATUSIRD METHOD WITH ctmRRB:cermmlame _
transform The conventional two-degree-of-freedomcontroller 2 controls a
plant 10 by giving a mani pul at e RIAL/ MANTHULAYED m-.rn:mml ant 10, so that
a controlled variable Y(s) indicative of the state of the plant rapldly
approaches .a target . or desire@ACKGROUR 5 LLON

t wo- degr ee- of freedomcontroller 2 conprises a feedfomerd el ement 4 .in
addition to aldeFéefidnefoghesIaventi®nand a feedback elenent 8. In Fig.

18, the transfer fuhction of the feedfoward el enent i s indicated

GR(s), thab of the defThet iswestipanredap@sHts) a a?rﬂ!‘ttf%lt afHPacIF?e“‘*seéi%%c‘?(

el ement ‘8 by GC(s). . The transfer function of the_PIant 10 uﬁdggdlcaied QX
&s). 25 contrphempsigror ARdd PaIrdReHl ar I & (hagiskidrd @ Mt STt ion

when there is no disturbance D(s) and noi se N(s), 2
of a transfer element

2. Description of che Related Art
In a plant or the llke, a two-degree-of freedom
10 contreller ;s.used as a control apparatus. Fig. 18 shows the
" configuration of a conventional twoedegree-of-freedom
contreller 2 in terms of a transfer function according to the
o Laplace transform The conventlonal two—degree-of freedom
'controller 2 controls a plant 10 by g1v1ng a manlpulated
15 wvariable U(s) to the plant 10, so that a controlled varlable
_Y(s).lndlcatlve_of the etate of the plant raprdly approaches
.a target cr desired value R(s); | |
To thls end,:the two-degree-of~freedom controller 2_'
comprises a feedfoward element 4 in addition to a detection
20 element 6 and a feedback element_8. In Fig. 18, the transfer
function of the feedfoward element 4 is lndlcated by GR(s),
that of the detectlon element 6 by H(s), and that of the
feedback element 8 by GC(s) The transfer functlon of the
plant 10 is indicated by G(s) : | | |
25 ' The feedforward element 4 is a transfer element

'whlch, when there lS no dlsturbance D(s) and noise N(S).



be expected to control the plant 10 in an open-|cop. Th
6 dettcts the controlled 5 variable Y(s), and feeds bagk 't
result to the input side of the feedback elenéht 8. Th Feedﬂdb
is a transfer

o -.-......-..-.-.-.-.-.- ....

el ement which receives the difference bet ,Eﬁ:LhE.£§&£¥4— =]

val ue R(s) and the detection result and outputs a nanjpu ated variable. 10

ron ) an”: noA RS U8B IAFRRTNEL 1A e e ?équéﬁ'ﬂﬁﬁég‘c 2
Ini i ke & PID coltaiTEe VR S A CREERES | %bggﬁg%*’?‘; = BUAREc A Oci 2nh

According to t

configured 15

2r tional, integral, and dlfferentlal elenents) 12

which is not provided with a feedfomard el ement as shown in Fig. 19, the
control l'er can rapidly mfég{a@tﬁr?déféxﬁé/& C@”&é@é pai eﬂeceaﬁemléa the

characteristics of the plant 10.

ven en di sturbance [Xs) or -

noi se N(s) is praiucers ¢08) prawd Sf@éa@fbéctue fedback L ooR ce8al st tBILAL
t he detection el ement 6 and the feedback elenent 8 can offset effects of .

the disturbanceipuinaiste dbwaerfeddbadioryrahénnag . t wohdegeeanatxf eeetlefit 8

25 controller

2 has probl ens as di scussed bel ow. The transfer function of

the whol e of the eoridasfus eTeneRt Uiith tAeceivds the difference between

10 .

15

20

25

the target value R(s) and the detection result and outputs a

- manipulated variable.

According to thls configuration; corresponding to the
target value R(s) which is an 1nput, the feedfoward element ¢
can output a manlpulated variable whlch is prev10usly set and
seemed to be optimum. Therefore, unlike a PID controller (a
controller consisting of only a feednack_elementdconfigured_
by proportional, integral, and'differential elements) 12
which is not prov1ded w1th a feedfoward element as shown in
Fig. 19 the controller can . rapldly perform a predlctlve

control'whlch conforms to the.character;stlcs of the plant

-10.

Even when dlsturbance D(s) or nOLSe N(s) is produced,

the provxslon ‘of the feedback loop consxstlng of’ the

'-detectlon element 6 and the feedback element 8 can offset

-effects of the dlsturbance is norse.

However, the conventlonal two-degree—of freedom

controller 2 has problems as dlSCUSSEd below. The transfer

'functlon of the whole of the_control system lncluding the

LA



t wo- degr ee- of - f reedom control ler 2 and the plant 10 s

be

. expressed by the follow ng equation: Y(s) VRY('s) . R{is

VWNY(s). N(s) , (a) 5 where WRY(S), re
conposi te transfer functlons of the target, val ue: R(s 8

vari able Y(s), the disturbance D(s) and tfe controll d;...\./-arram-«e» d

- the noise N(s) and the controlled variable Y(s), and can be expressed by :
the fol lowi ng equati-ons, 10 respectively: WRY(s) = {GC(s) GR(s)}. Q(s)/{1.
+ GC(s) . G skwh-spgrabYed)- fregdom fdont 180(six @ Hnc(EHe NM'G)“* shown in
GC(s). G s).H(s)/{1 + G(s). s)-H(s)} (b) 15 . On the other hand,

t he transfeFifundsi canofet expresisedofvya Wentfiol lewbni@nedw@Ei@hg the PID
controller 12 and the plant 10 shown in Fig. 19 can be expressed by t he
. fol I owi ng expressi oﬁ’\SYZ(:sWRif\i\RYZ@d)S R('*s)WDN(W)YQ(s%) D(s) 20

VWNY2( s) . N(s) : g] where WRY2(s), V\DY2(s) gi
MNYZ(s) are conposite transfer FulN¥I(EnsNdElt he target value R(s) *and {fie

control l ed variable Y2(s) t he di sturbance D(az%f d the, érolg d vari abl e -
Y2(s), aRd WREXRoMNEE Iﬁ()s) stt)he 67 (S SAIPPABE &% YoF Y5 L8Rd can be.
expressed byu&’lrclz%dfo%lsl % t e ua(firtgleci:nSxfalrueesFileCt | vel(y the éont rolled '

variable Y(s), the disturbance D(s) and the contro_J_.led'
variable Y(s), and the noise N(s) and the controlled variable
Y(s), and can be expressed by the followj_.ng equations,

10 respectively:

WRY(s) = {GC(s) + GR(s.)}-G.(S)I/{'l + GC(s)+G(s) H(s)}
WDY(s) = G(s)/{l.% GC(s)G(s)*H(S)} |
WNY(s) = Gc(s)se(sj-ﬁ(s)/{l + GC(s)eG(s)<H(s)}
- [ (b)
15 On the other h'and., the ﬁrans_fei_: function of the whole

of a control 3ystem inclﬁding the PID controller 12 and the
piant 10 shewn in Fig. i9.can be ex?ressed by the following
exéréSsion: | | |
Yz(s) WRYZ(s)oR(s) + WDY2(s)s D(s) -
20 o . - WNYZ(s)oN(s) ' , :'_ ceens ()
where WRYZ(s), WDYZ(s), and WNYZ(s) are comp051te transfer
functions of the target value R(s) and the controlled
.variable Y2(s), the disturbance-D(s) and the controlled'
varlable Y2(s), and the n015e N(s) and the controlled
d 25. varlable Y2(s), and can be expressed by the follow1ng

equations, respectively:



WRY2(s) = GC(s).GEs)/{1 + GC(s) G&(s).H(s)} V\DY2(s
. CC(s). G(s) H(s)} VWNY2(s) &C(s). s).Hs)/{1 + € /(CATLE}
Al'l the three conposite transfer functions of thelf
- expressed as Eqg.- (d) are functions conS|s%|ng of
H(s). Assuming that s) and H(s) are fi%xed tra
the system when the transfer function GC(s) of the feeoca R&terendl is
once 10 determ ned, the three conp05|te transfer functions WRYZ(S) :
WDY2(s), - and V\NY2(s)VRa'r2€(suanlﬂ;€|(3s)d@‘(|s\)e’ol[l 4N -GIT fe) « oS st (svhen only the
transfer function -GC(s) of the feedback el enent is determi ned, the control
- characteristics of WRF2RISD col(sol/{dr +123CS(?R))MG(S1)+HQ$)H9 can. 15 uniquely -
"be defined. Anobng the three conposite transfer functions of the '
t wo- degree- of - f r eed YA St)r & GEY(st)ed (SXpriss last EEF(?(b)G(%bt%(fd\D}((s) and
WNY(s) are functions consisting of only GC(s), G(s), and H(s), but VV“ES)

further includes FR(s). 20 Assuming that s) and H(s) are fixed:tranéter
‘functions peculiar to_the system when the transfer function G of the
f eedback el enent- |sAéﬁcéhGett€Fr%en§@m°@E\l("§) taan e <5 urb?“%‘?fest?fe*ehe PID
conposite transfer, functions can- un| lE{Q be defi ned In, order to,defin

VRY(s), howEPBEIOY Systegygxpsgssed + Het) d?e?i%r%%%t%%st?%ﬁ%?lng

function GRS,%) Of I&.%( %edf o(vg/ar’d a%lderlr-le(nt) A AssuSmJ.ng that G(s) and H(s)

are fixed transfer functions peouliar to the'5ystem,-when the :
‘transfer function GC(s) of the feedback_element is once
lO _determined' the three composite transfer functlons WRY?(s),
© WDY2(s), and WNY2(s) are. unlquely defined.
.' In other words, when only the transfer function GC(s)
:of the feedback element is determined, the control |
elcharacterlstlcs of the PID controller 12 shown in Flg 19'cen
- 15 unlquely be deflned
| Among the three composite transfer‘functions of the
two-degree-of-freedom control sYStem‘expressed as Eqg. (b),
both WDY(s) and WNY(s) are functlons consisting of only
| GC(s), G(s), and H(s), but WRY(s) further lncludes FR(s)
20 Assuming that G(s) and H(s) are fixed transfer ‘functions
 ‘'peculiar to the system, when the transfer_fﬁnction GC(s) of
the feedback element is once determined, WDY(s)tand WNY(s) of
the three compositeltranSfer'functions'can ﬁnlquely.be
defined. In order to define WRY(s), however, it is reqnired
25 to'further-determine the transfer function GR(s) of the

feedfoward element34,'



I n other words, unlike in the case of the PID contro
19, in the two-degree-of-freedomcontroller 2 sho Egggﬁﬁg
i mpossi bl e to uni quely define the control characteristl .
transfer 5 function GC(s) of the feedbacksel enent ; ¢§edeternaned ,1- al so

the transfer function GR(s) of the feedfoward el enefit—d—=s=t€tc
Therefore, where both the feedback el ement. 8 and the feedfoward elenent 4
consi st of -the'three elements, or 10 proportional, integral, and . Co
differenti-al elenenrn otherswbgaylraﬁlineadhuthesbnspabanaheanUItotal in .
order to deternine the transfer functions GZ(s) and GR(s). This causes the .
oper.ati on ofonetreildeni b thewhr ansFeg. eueneﬂmstnach&m}ddgrdaanﬂxﬁneenmment,f
8 and the feedfoward el enent 4, 15 to be very cumbersone. Japanese
Unexani ned ®ahtnolPebl 2cahbwn hon. FSho. 184- 119239umﬂnﬂﬂh@iewmﬂ(ﬂﬁﬂqqgkxnner

Control Apparatus Having a Learning Function" relates to the invention. _
According tdefhne thehapnbsplachanaptkaietissgnallass dhe itansf@mtion and -

20 a correspondlng controll ed variable are stored, -based: on which

|nfornatﬁonfunﬁﬁlénfﬁﬁ(éét@fnihﬁnéeéﬁbéskl@Q@mmﬂﬁlﬁnkﬁl %ﬁﬂﬂﬂﬁﬁm?WQw a

control object is generated. .The optinum manipul ation sequence i
det er mi ned ®}sQsthg thenskas- fenetiPRedR{g)eofothe feedfoward element 4

SUMMARY OF THE INVENTION 6 It is an object of the present i nvention to
provi de is determined. : : _ | _ b

- Therefore, where both ‘the feedback element 8 and the
feedfoward element 4 consist of the three elements, or
10 proportlonal, lntegral, and differential elements, it lS
requlred to adjust srx_parameters in total in order to
determine the transfer functicns.GC(s) and GR(s). This
causes the operation of determining the transfer elements_
such as the feedback element_é_and the feedfoward element 4,
15 to be very cumbersome. | | |
| Japanese Unexamined Patent Publication No. Sho. 64-
19219 entitled tAutcmatichurner'Contrcl Apparatus Having a
| Learning.Function":relates'to the.inventionl According to
this technique, a manipulated signal in a.trial operation and
20 - a corresponding controlled yariable are stored, based on
which infornation a rule for determining an oétimum -
jmanlpulatlon sequence for a control object 'is generated. The
optimum manlpulatlon sequence is determlned by usrng the

thus-determlned rule.

25  SUMMARY OF THE INVENTION



a control apparatus . and a control nethod which can g the—problons of
prior art controllers such as a two- degree-of - freed ﬁEEhACEMENEEﬂﬁm# g
edsily deternmne a transfer elenent. 5- Accar di n@ Qqny@ ven ion,-_
there is provided a control apparatus conpgi sing trlaDamat ﬁﬂ!ﬂ o
means for holding a trial controlled pattern that i
of the controlled variable in a trial operation that is perforned prior to
an actual operation, and a trial 10 mani pul ated pattern that is a
time-series pattern bt iseamaobpetated thel phlesennr rigspordiony 4o gferidd al
controlled pattern; ‘trial evaluation characteristic value extracting neans
for extract?ngoRtreiafppazptusi sndcharantenilsmethoa wh fair aaml|aslveneidie
trial operation, fromthe target 15 controlled pattern, the trial
controlled %@9?%?%5 of PRiorradt mantpoldess sacteras ariwerdegremmpul at ed
pattern generating means for correcting the trial manipulated pattern on -
the basis ofTePRORFAPLEQLLEL! ABH eRELAvt detemmdngalaidcnaten alrmant al
control |l ed pattern approaches the target 20 controlled pattern and for .
hol ding R he correct ?¥¢%Pgnﬁﬂ|Bhta%éﬁeﬁéﬂpénnt§§r@ disi PEAVA Eﬁhﬁﬁpulated
pattern that serv a criterion,of a tine- serle éFﬁéP of ‘a

1

nani pul at eoc%frlf%ﬁl%pﬁ’%r?ﬁlés atPRBFLi3hBPatrdAl RAF %H}%ﬂlsatfélf

pattern out crlterlal

t t t he 25 | .at ed
pattern as }g?%‘ile’b t%p ’F’ta 1(‘) 5?&@*?%1?{3383?5%@%#)&61 ds @ ttt’ré‘ealcstp s
.operatlon patééJ#?oEOEﬁé coﬁggg{fegsvarXaB?eCQHStr %&%ﬂ %%Q}JQ}on that

is performed prlor to an actual operatlon, and a trial-

.10 manlpulated pattern that is aﬂtlme—serles pattern of the.
.manipnlated variable-correspcnding to the trial controlled
pattern;ftrial evaluation characteristic_value'extracting

rmeans.for extracting a trial evaluation'characteristic Valuet
for eValuating the trial'cperation, frcm.the'target
15 'controlled pattern, tne_trial controlled pattern, or the
trial manipulated“pattern;tcriterial manipulated pattern
generating means for correcting the trial manipulated pattern
on’the.basis of the trial evaluation characteristic value so
that the trial controlled pattern apprOaches'the_target

20 controlled pattern, and for.holding the corrected.trial
manlpulated pattern as a crlterlal manlpulated pattern that
serves as a crlterlon of a tlme-serles pattern of a

'manlpnlated varlable in the actual operatlon;_and criterial
manipulated pattern ontpntting means for outputting-thel
25 criterial manipniated pattern as at_ieastlpart of the

manipulated variable in the actual cperation.



the criterial manipulated pattern generating nmeans calculates by fuzzy .
i nference, a trial .correcting value that is necessar\fFotorrect—=the—tH] hal .
mani pul ated pattern on the 5 basis of the trial eval BEBhAQﬁﬂENtSHEESt c

value so that the trial controlléd pattern7approache€ t he t 3ﬁARﬁQﬁi | ed

pattern, corrects the trial manipulated pattern on tle? @aets il
correcting val ue, .and holds the corrected trial mani pa ' g5— he -
criterial nanlpulated pattern. 10 The contr ol apparatus may further .

conpri-se a feedbackTherngtrdédappaedtus may e domspmnetteah,swotd vt be
_constructed such that in the trial operation, the trial operation feedback
circuit is Ebﬁnéétéﬁr%éltﬁénéﬁnﬂﬂbedopp@@erwh@ﬁmaxaﬁnngnmaansaJ
mani pul ated pattern outputting means is 15 disconnected fromthe control
obj ect, and*#hCEhatasyuBY Eperit inferraceni Retindalnweguaciiow paiue that
'outputtlng means i s connected to the: control object whereas the trial .
operatlon fb%d%%ﬁﬁsﬁ?fXUFP FQrH?§EoﬁﬁécF§éafr@ﬁﬂﬂﬂ?kﬁﬁﬁQ%ﬂaQﬂﬁﬁﬂnon:ﬂﬂe
The: cont gfara%ug naﬁ be.constructed such that only the criterial :
'nanipul edPPET e? Ee FpPleGVRLURRACBOR PGPQ&%Q%%@%%;WQ%?@nﬁﬂtnﬂ%ﬁed
vari abl e |n t he_act The control apparatus be constructed
such that a-3% FEEY aE‘Rn Fai;?gggﬁEFﬁFEdaBQ%’&c ﬁé‘ec&‘?t’-)ré’(ﬂq SPRHI L%
and the cri mani ern.are su lied to th ontro
obj ect as té\£%§5 bu? Eﬁcéﬁrt % 1fl; Renigidated pattern on > ¢5e Basis

" of the trial correctlng value, and holds the corrected'trial:‘

manipulated pattern as the criterial manipulated pattern.

10 . The control apparatus may further'comprise a feedback
c1rcu1t dedlcated to the trial operation, and may be
constructed ‘such that in the trial operatlon, the trial
operation feedback circuit_is connected to the'cqntrol'object.
whereas the criterial manipulated pattern outputting means is

15 disconnected from the control object,-and in the actual
Operation_the criterial manipulated pattern outputting means
is connected to the control object whereas the trial
operation feedback circuit is dieconnected from the control
object. )

20 The c0ntrolcapparatu51may be constructed such that
only the criterial manipulated pattern is supplied to the
control object as the menipulated:variable'in the actual

foperation. | | | |
The control apparatus may be constructed such that a

25 ﬁeedback signal generated based on the controlled vériabie

‘and the criterial manipulated pattern aretsupplied to_thet



operation. According to the invention, there may be provided a contro
met hod conprising the steps of ‘obtaining a trial 5 t hat
i.s atime-series pattern of a controlled variable |'(éggﬁééa g@?g%?gr t hat "
is perforned prior to an act ual . operatlond,and atr p t patifern -
that is a tine-series pattern of the mani pul ated va féﬁﬂ?s mgd H to
the trial controlled pattern; extracting a 10 trial evaluation
characteristic value for evaluating the trial operation, fromthe target
control | ed gehtesd, obhectr ksl tEennagl badapett eatiabled ho tuhelacmnd pul at ed
pattern; correcting the trial manipulated pattern on the basis of -the trial
eval uati on-¢peracienistic value so.that the trial 15 control led pattern
.approaches the target controlled pattern, and holding the corrected trial
mani pul at ed patter nAesoadingt coi themhnvpokabed paerer maghde geomisdests a
criterion of ‘a'tine-series pattern of a manipul-ated variable in the actual
oper ati on; @odtoolpunethed CQQDCLsteglahenaﬁepﬁl@ﬁe@hﬁﬁ#?&ﬂgia)tﬁkﬁku | east
part of the manipul ated variable in the-actual operation. In the first -
enbodi mehit , consreiiad ppstarnothasedBask téMecseries MadF@Hs 2% & PID _
controller 22.in Fig. 1 showi ng the configuration of an al um nu ext si on
~control | er gontpsllgdevarialblpaifieAnthdPdi FRSFEIHOC ﬂdh % S4
in Figs. 4 and.-5 which are a_fl owhart show n the per at, Oﬁ(ﬁ d t
aIun1nunlexPFHQFoﬁocéﬁtFGFPé# opeTrakéonyi nde %oﬁanlp ate Pat &

that is a time-series pattern of the-manipulated varlable

cdrreSponding to the trial controlled pattern; extracting a

10 trial evaluation characteristic value for e&aluating the_
trial operation, from‘the'target'controlled pattern, the
trial controlled pattern, or the trial manlpulated pattern,
correctlng ‘the trial manlpulated pattern on the basxs of the
trial evaluatlon characterlstlc value so that the trial

15 controlled pattern aporoaches the target controlled pattern, o
and holdlng the corrected trial manlpulated pattern as a
crlterlal manipulated pattern that serves as a criterion of a
time- serles pattern of a manlpulated varlable in the actual
operation; and outputtlng the criterial manlpulated pattern

20 as at least part of the_manlpulated varlable in the actnal-
operatlon | | _ | |

In the flrst embodiment, the trlal operatlon feedback l.

-circnit corresponds to a PID controller_zz_ln Elg. 1 showrng
the configuration of an aluminum extrusion controller 20.

25 _The_trial_pattern holding meanshcorresponds_to step. 54 in

Figs. 4 and 5 which are a'flowchart ehowing the operation of



characteristic value extracting neans and the criterial_madipulat
generating means correspond to steps S6 to S10, and : .IHéé“Eﬁ&sHEET
‘mani pul ated pattern -outputting 5 nmeans corresponds t@ step Sl4. The tri
operation feedback circuit is not restrictgd to the iﬂéﬁggun
Fig. 1, and may be anot her feedback circuit such as #-BL—c&n
conducts only the proportional and integral controls. 10 Nanely, the trial
operation feedback circuit neans a usual feedback circuit which, when the
trial operathenalamiauie ek@Rdebad coint r@QIRAECLHY, tthd herLontswhlobt sk and,
when the actual operation is to be conducted, is disconnected fromthe '
control objeharatberistic valhe bﬁclt@hclta.&xtgemdiﬁ i) theansrisenbil
restricted to neans for executing.step S4 in Figs. 4 and 5 which are a

fl owchart shanipglabedopataeirangehetthe ialgumeam edrrssmmad o rotéps 20,

and indicates usual . nmeans for holding a trial controlled pattern which is a

tinme-seriestpaSi@ynanfi &h@0cridetiall edmnipulaiiesd ipattarn adutpetaiion
precedi ng an actual operation, ‘and a trial manipulated pattern which is a
time- se5|emepaSteonrespandantpubaEstadr|able corresponding to the trial

controlled pattern. The trial evaluation characteristic value extracting 25 -

means and the cr|teTheItn&nlpqpareulpatﬁeedhgghyquQK}quﬁmﬁ%ﬁe not .
restricted to nmeans for executing steps S6 to S10 in 10 Fi 4 and 5,.
‘and i ndi cat eg55artadahe ﬁbe BiPr gentaglder 22 in Fig. 1, an maY be

another feedback c1rcu1t such as a PI controller which
conducts only the proportional and'integral controls.

10 Namely, the'trial-operation feedback'circnit means a usual
feedback circuit which, when the trial operation is to be
”conducted} is connected"to the controi“object'and, when the.'
- aCtual'operation.is to be conducted, is disconnected from the |
.control-object | | | ._ |

.15 L ‘The trial pattern holdlng means is not restrlcted to
' means for executlng step S4 in Figs. 4 and 5 which are a
- flowchart showing the operation of the aluminum extrusion
controller 20, and indicates usual means for holding a trial
.oontrolled pattern which is a time-series pattern of a |

20 controlled variabie'in.a trial operation preceding an actual
operation} and a trial nanipulated pattern which is a time-
-series pattern of a manipulated'variablé oorresponding to the
“trial controlled pattern. |

The trlal evaluatlon characterlstlc value extractlng
25 means and the crlterlal manlpulated pattern generating means

‘are not restricted to means for_execut;ng steps SG to 810 in



trial evaluation characteristic value for evaluating the trial operation,
fromthe target controlled pattern, the tri.al contrgH tern The
trial manipul ated pattern. 5 The criterial nﬁﬁ? ﬁMEﬁTB§% :
outputting means is not restricted to neang for exeduting €$e§A§4 in Fllgs.’
‘4 and 5, and indicates usual means for outputting tHeDéEit

pattern as the mani pul ated variable in the actual operatTon. “ I n
the control apparatus and the control nethod according to the |nvent|on,

the trial maoggul at gddpslt 8hA [HAELRLRCHBUAAN ddP TS it ddir g &l
‘eval uation characteristic value which is extracted fromthe target

control | ed pai4eravalhetiohathaenttallied ipatdin T tdva ludtalngragtieul at ed
15 pattern, the corrected trial manipulated pattern is held as the. _
criterial nenipul epedapabher Broandhihearasitpdonted Mard alatecdm outhput on
the basis of the criterial manipulated pattern. Therefore, when the control
~apparatus itskhdl teatnsl2éd. phetErnaIo@pehetmdﬁallmmmapmiﬁnddepattern _
self-acquire the criterial nmanipul ated pattern. Therefore, the user is not
requiredsto generatEhehermteréalamanmpumatade@apaerermuﬂpmﬂﬂmﬂQHmaanstlas
possible to directly know a casual relationship between the trial

mani pul at ednpat teshrantedhto2fieansi dbrcemecuitiog siereiSt dor Fdgfondt nd o

the trial manipul ated pattern. Therefore, even when the |earning of 11+ -

the controlSappadaindiratesf usgailnmefahsci@m outipatidimg ddye criterial

manlpulated pattern as the manlpulated varlable in the actual
operation. | | | |
10 _" . In ‘the control apparatus and the control method-
- according to the invention, the trial manlpulated_patternlis
"corrected'on the hasis of the'trial evaluation ¢characteristic
: value which is extracted from the target controlled pattern, _
.the trlal controlled pattern, or the trial manlpulated
15 pattern, the corrected trial manipulated pattern is held as
the criterial manlpulated pattern, and the manlpulated |
variable is odtpnt on the basis of the_ériterial manipulated
pattern. |
Therefore, whengthe control apparatus itself learns
20 the trial operatlon,'it'is possible to self-acquire the’
crlterlal manlpulated pattern. ' Therefore, the user is not
lrequlred to generate the crlterlal manlpulated pattern
Furthermore, it is possible to dlrectly know a casual
relationehlp between the trial manlpulated pattern and the |
25 trial controlled pattern corresponding'to the trial

manipulated,pattern. Therefore, even when the learning of'



easily correct the trial manipulated pattern on the basis of the trial
controlled pattern corresponding to the trial manipul

The learning for generating the criterial manipul ated| BEP o
inatrial operation precedi-ng an actual qperation. -Unllk35thch whigr e
the learning is conducted in an act ual operation, ac b Paienoty: i AL A
conver gence properties of learning results are ensured. 10 . _In T he
control apparatus, the trial correcting value necessary to correct the

trial mani puhat ednpableappams e GHsuilmatied e dtrzyi dif erenseusdn Ehs
case, the correction of the trial manipulated pattern in a trial operation

can be estabhishgd casredtantieage bl mandpdl i gt appehiatbssis het
trial operation feedback circuit may be prOV|ded In this case, a trial
oper ati:on caheberdandaeonedolider pa titeegb ade ol ingnb hemzetei@®h a
person who is not 20 . skilled in.operation-can conduct a trial operation
Wi th high rmbhdpullatyd pattleencontrol apparatus, only the criterial
mani pul ated pattern nay be supplied to the control object as the
mani pul aéed vari abl @henlebendagudbrogenstiading?ihe crlternaitMﬁn;Rn&ﬁiedn
a plant or the |ike where disturbance can be negl ected, a feedforward

el enent canobgternlissepndacaedrnmealMLuainqgﬁnﬁtxb%nﬂ%%ﬁ&ﬁ%ﬂg(ﬁﬂl%ﬁ%ﬂal
tine-series

operation. Unlike the case where the learnlng is conducted
in an actual opefation, accordingly, the.conver§enee
properties of learning results are eneured.

10 hIn'theICOntrel apparatus, the trial correcting value
necessary te.coirect the'trial-manipulated pattern_may be
calculated by fuzzy Lnference |

' In this case, the correctlon of the trlal manlpulated
_pattern in a trlal operatlon can be establlshed as a language
15 rule. _' | | |
| in the contﬁol'apparatue, the trial operation
feedback circuit may be provided.
In this case, a trlal operatlon can be conducted
‘under a feedback cont:ol, and hence even a person who is not

20 skilled in operation'can conduct a trial operationhwith high

rellablllty. o | | | o

In the control apparatus, only the crlterlal
manipulated pattern may be.supplled to the control object as
the'manipnlated variable in the-actual operation._

25 _‘_ o In this case, inﬁa.plant or the:like where

_dieturbance can be neglected, a feedforward element can be



pattern of a mani pul ated vari able, and an open | oop can be forned only by
the criterial manipul ated pattern. Accordingly, a trans : :
set only by generating 5 a criterial nanipul ated patte
| earning. In the control apparatus, a feegqhack signal that is. generated
based on the controlled variable and the cTtterial nani uhateh  MARt1988.. 1
be supplied to the control .object as the mani pul ated vari=s ' re—actst
operation. 10 In this case, . in a plant- or the |like where

di st ur bance s=nre decmictpeid kdyaral febalif od waa dtekanwhti chai she $dimeaseaxies
criterial manipul ated pattern which is a tine-series pattern of a

mani pul at ed PAdrtiens ef andnanipwlatet eeaniableeedodh sonopen dpoperanatrebe
formed by a criterial 15 rmanipulated pattern and a feedback el enent.

| ndependent §amad mnledibddie Grieriahcsanipngpyedt RatERrPeri al

mani pul at ed pattern can be generated by .means of Il earning; BRI EF o
DESCRI PTI ONAgcondE NoS-ransfar jelemenbekani Bgr GREsABRYNEYt generating
configuration 20 of an al um num extrusion controller 20_.according to an

IfﬁéﬁlﬂﬁEMENpﬁﬂEET_v

enbodi me®t & FHEGHile ManiRERtesh PaFEerD PY BeanscREdL8aFBAMGhowi ng the

har dwar e confi-gurati_on of the al um num extrusion_controller 20 in which a
CPU i s used; 25 In therigentyrqls aPRATAKIS yr ERPIPRGK n§LoRalsbhahals

cont i guration of e LUV extruston, SPILLOLLEl B0 ana’Enb €21cdr2Rd °
manipulated péttéfn may be suéplied.to #he control object as
'~ the manipuléted:variable in.the actual éperatipn. |
10 ' In this case, iﬁ a plaht or the like where
disturbance cannot be neglected, a feedforward element can be
set as a critérial ménipulated pattefn_which is a'time-series
fpétterﬁ of a'maniéul;ted'variable; and é two-degree-of-
freedom control'sysﬁem_cén be'fofmed by a criterial
15 manipulafed_pattern and'a.féedback element. - Independent from

- the feedback element, accordingly, the criterial manipulated

pattern can be,geherated'by'means of learning.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the configuration
.20 of an algminum ekfrusicn éontrollei 20 dcdording.to an
embodiment'éf the present inVentidn; o
| | Fig. 2 is a_bloCk diaéram_shoWing the hardware
_cbnfiguration of the aluminum ektrusion controller 20 in .
.which a CPU is used; |
25 _' | Fig§.3 is a block diagram showing the §6f£wa£e'

configuration of the aluminum extrusion controller 20;



of the alum num extrusion controller 20; Fig. 6 shows neasured val ues of
information in trial and actual operations; 5 . ~ Fig. 7 shoms
measur ed. val ues of information in-a 1- cycle extrusion-og

shows a rising portion in an enlarged manngr; Fig. 9 s
of informati on when no overshoot exi sts; F
menmber shi p functions of an advancing process; Fig. ||l §
of information when an overshoot exists and mani pul at eti=

is not effected; 15pigs. 4 anﬁlgsarg2% aq@w%y%fﬂuyﬁdwﬁggﬂgﬂgrbgéwggigms of

a process for correcting an extrusion pressure |Instruction nmaximm val ue;

Fig. 13 showg, the anusihamdestFRRIn MRYS1 Y tagwhi ch the manipul ated
variable limtation is to be applied; 20 I gs. 14A and 14B shows
menber shi p functlonslgf 8 Bhowes meh@f reioMaaRidiy oF NBnd qattheot osh Vi | e £1
limtation time; - Fig. 15 is a bl ock diagram showing the configuration of an
aIun1nun1exhndsaemaeanbbetheﬁo&@-accord|ng to anot her 25 enbodi-nent of the
i nventi on; 14 Fig. 16 is a block di agr am showi ng t he conflguratlon of '
.an aIun1aun1extru3|Bmgcoﬁtshbhsrmﬁﬁsamedr&aﬂyas)affnnﬁdnmatlon in a 1-

cycle extrus*on operatlon-
Flg. 8 shows a rr51ng portion_in an enlarged manner; .
,Fig._9 shows meesured values of information when no ;
overshoot ekists;
10 - Figs._lOA aﬁd'LOB show membership functions of aﬁ
| advanc1ng process, | |
Fig. 11 shows measured values of lnformatlon when an
overshoot exists and_manlpulated varlable l;mltatlon is not
effected; _. ..
15 _ | Figs. 12A and 12B show membership functions of a
..process:for cbrrecting an extrusion pressurebihstruction '
maximum velﬁe; “
Fig. 13 shoﬁs} in an enlarged manner, a portion to
which the manlpulated varlable llmltatlon is to be applied;
20 - ' ' Figs. 14A and 14B shows membershlp functions of a
process for'shortenlng a manipulated variable lrmltetlon
time; | |
Fig. 15 is a blodk_diagrem showing the configuration
of an aluminum exﬁrusion controller 80 ascordihg to another

25 embodiment of the invention;



enbodi nrent of the invention; Fig. 17-is a bl ock dlagran1shomnng t he
configuration 5 of an alun1nun1extru5|on cont-roller: '

still another enbodinent of the invention; Fig. 18 |s!ehéﬁuyégwﬁﬁﬂggﬁEETA
showi ng the configuration of a conventlona- t wo- degr eg- of -t r eedom -

¢ 504 BuliARi 1996 1.

controller; and Fig. 19 is a block di.agrafmshow ng thg
a PI'D controller. DESCRI PTION OF THE PREFERRED EMBODI =R 'S
configuration of the alum num extrusion controller 20 which is a control

- appar at us accordlngF&g anse&bodlm&@bkohﬂdgtamnsﬁﬁwxﬁg the ebnfigurafbon
extruder 60 (see Fig. 2) is used for extrusion-nolding an allum num bar.
The al uni nueifexn ademiGn SxtMEdimednt sl by 90 adcoondingatood further
constant length is extruded by.a pushing el enent called a ram (not. shown) -
to pass thr emipoddmeing Efotthehdwwenttilear;eby produci ng a bar having a given
section shape 20 corresponding to the shape of the die. An al um num bar of
a constant |ength i §iguppl?i és, aebﬂoa&ndaagﬁamlarQWRRENﬂhﬁnQﬁﬂfwgméaﬁa¢m
‘advancing the ram and thereafter -the ramis rearward noved to return to
the ori gPnabfpesi silyminumhexteniséonofccayaaliiamnsl 06 aesordingetesa ehile.

A nunber of alum numbars are subjected to extrusion nolding by repeating .
the operatignother REPQNGE&ENToéHEE? ﬂ@anﬁkP¢Weferable that the extrusion .
speed of an

of

Fig. 18 is a block diagram showing the configuration
of a conventional two—degreeeofefreedom oontroller; and
| Fio. 19 is a block diagram showing the configuration
‘10 of a PID controller | | |

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows the conflguratlon of the alnmlnum
ertruslon controller 20 which is a control apparatus
according to an embodiment of the.invention; An aluminum'
15 extrnder 60 (see Fig. 2) is nsed'for'extrusionfmolding an
| aluminum bar. The'alumindm extruder 60lis a machine in which
an aluminum bar of'a'constant length ls extruded by a pushing =
element called a ram (not shown) to'pass through a die (not
'shown), thereby producrng a bar hav1ng a given sectlon shape
20 correspondlng to the shape of the die.

An aluminum bar of - a constant length is supplled
extrusron-molding is conducted by forward advancing the ram,
and thereafter the ram is rearward moved 'to return to the

. orlglnal pOSltlon The series of operations is set as one
25 cycle. A number of alumlnum bars are subjected to extrusron

molding by repeating the_operat;ons.



al um num bar be kept constant. The al um num extrusion
enbodi nent is a controller which controls.the al uni num gREHAGE S' af]
an alum numbar is 5 extruded at a desired constant ratg. The £HnMARI 1336
general |y conprises a PID controller 22 whisgh is the tr|d®®peratigm
feedback circuit, a trial operation analyZing unit 24, an actual operati‘on
controller 26, and an operation changeover sw tch SW. 10 - ‘The PID
controller 22 is a controller which roughly controls several tinmes of tria
-operations precedi ngt is axtefalratyier athiam, tlendecondeies sheedrofoani onal
integral, and differential- controls while feeding back data. The trial
oper ati on amdluydingr dsin 24 ket yess e | edfis @ heminpm| ex§rugpenat i ons
conducted by the PID controller 22, thereby generating a_criterial =
mani pul at ed coattizerld exhiZh oferthes embadigrenterivn otomtrehkeserhésShpattern of -
‘a mani pul ated variable in the actual operation. The actual _operation : |
control |l er Zendgmlsolthe pdwrimm eHtoentbGnsonthae AAsRLUGLNERebar is
criterial mani pul ated pattern generated by the trial ogeratigp-analyzing

0

unit -24. 5The Ghalafdaird contteanBMakPangEReoveR FPonfthe PI D

control ler .22-to the actual, operatjon contro]]er 32 ggd vice g rsg in
accor dance #ONPLEHd Ys COIPIGSash@ FJdt Aot ler 1¢R 4F E@r Figh or
an actual operatign. - The trial operation aqﬂlgzihg-unit_24 conprises; a
trial mani p@OPRTEFISR FANAGUIGHF HHit P GhtPh PPPLR CLOR PBRIEA Y HBFK
hq{d|n9 9”'54%2£M“53%J£'“33é¥£é¥%&f¥%ntrolle; 26, and an operation

éhangeover'switch SW1. o |
10  The PID controller 22 is a controller which roughly
controls sevefal times of trial operations précéding the
actual_opefatibn? and conducts the prqpértiona;; integral,
and differehtial'controlshwhile feeding back’data.'.The tiial
operaﬁion analyzing unit 24 analyzes and learns the trial
.15. operations.conduétea by the PID controller 22, thefeby
_ generating a Criteiial manipulated pattern which serves as a
criterion of a time-series pattern bf a manipulated variable
in the actual operation.
The actual operation'controllef 26 controls the
20 actuél operation.on the basis_df the criterial manipulated
| patterﬁ generated by £he trial opératipn analyzing unit 24.
" The Qperation changébﬁer'switch SW1 chaniges over from the PID
controller.zz to-thé_actuéi ope£atioh controller 26 and vice .
versa in accofdanée with the state of the opération,.i.eﬂ, a

''25 trial operation or an actual operation. .



trial pattern holding neans; an overshoot extractlng unit 34, 5 a
steady state error extracting unit 36, .and a rise tine eFoctrrgoRt—38" 4
‘which function as the trial evaluation characteristic vaIuBEBNQGEMENﬁ§HE'T
means; a first trial manipulated pattern gg recting unit |l40, a gg‘ggﬁial
nanlpulated pattern correcting unit 42, aThird trial 10 ﬁﬂﬁl ------------
pattern correcting unit 44, a corrected pattern hol di ng unrr;ﬁﬁﬁ’d '
corrected pattern conbining unit 48, and a criterial pattern holding unit
50 whi ch function aﬁhehertaltepeahtmanlpnbd&edngammeﬁnZ@em@mmﬂuﬁysmeahs
and -a sanpl e cafturlng switch Sw. 15 The trial_ manipul ated
pattern hol trhglumenigolasedspattens- b@ﬂde@gp&nm§w$Qﬂan§kmamqiﬂkued :

vari abl e which is an output. of the PID controller 22 under a trial
operation, ¢°@tr0ihéﬂtP@gFeﬁﬁnhB&PeﬂédupéﬁtéﬂnwﬁdﬁhbmgqﬁRHQ?(ﬁstqh?
extrusion o eratlon In the_enbodi nent, the trial 20 nanlpulated atte a
is expressetFid aP?FﬁEIgePPteBEtWEFﬁsefa&n°€ﬁFﬁ@9Qﬁ11§ﬁ£ﬁﬁBﬁ? Tt bn
(U instructing the valve openin draul.ic punp 62 of .the al.uni num
ext ruder? 60a(§g%a§YQS~?}e §: EOFrgéFréﬁﬁﬂ%HIP@&tpéﬁVeﬁﬁ ¢ﬂ(ﬁﬁﬁf drife 32 |
holds a 25 tine-series rn _of a_nmani pul at ed ari.ahl .S an . '
out put of a?%Bﬁ?FBFnSbe ég BReER LupFiEdPToBE:: ebﬁrﬁ ﬁeeva aﬁéﬁLACENENT.

SHEET 1 7 the trial coptrolled pattern for one cIe aof _th extru5|on
oper i on At HECERBbUF rERLue! RECERPRILAGoRBRGR ol Jaedy FEEal

_manlpulated pattern correctlng unit 40, a second trlal

manipulated Qattern correctlng_unlt 42, a thlrd trial
10 manipuléted pattern gerrecting unit-44; a corrected pattern
holding uﬁit.4$, a corrected pettern combining unit‘48, and a
ctiterial‘pattern holding unit 50 which function as the
criterial maniéﬁlated,pattern generating meansf and a sample
-capturlnglswltEh SW2. | | |
15 - " The trial manlpulated pattern holdlng unlt 30 holds a
time-serles pattern of a.manlpulated:varlable whleh is an |
output of the PID controller 22 undef:a trial opetatioﬁ,
i.e.,_the trial manipulated pettern-for one cycle of the
extrusion operation. eIn the embodiment, the.trial
'20. manibuiate& pattern is ekpresSed as a time-series patte;n:of
an e#trusion pressure instruction (U) instructing the valve
opening of a hydraulic'ptmp 62 of'the_éluminum extruder 60
(see Flg 7) | '_ _
The trlal controlled pattern holdlng unit 32 holds a
25 time—ser;es pattern of a manlpulated varlable which is an.

outpﬁt of a contrbl objeCt_Za_under a trial operation, i.e.,



I s expressed as a tine-series pattern of a ramspeed (YR) indicative the
extrusion speed of the ram(see Fig.. 7). 5 - - —Fhe—eavershagt—:

extracting unit 34 extracts an overshoot anount (OJ] REreACEMENTAHEHTAL
an anmount of the ram speed (YR) by whichjtzhe ram s‘.ped exE%_erg@ ai@ﬁr :
extrusion speed (r) that is the target controll ed pgathegs ns T .&s. y|
error extracting unit 36 extracts a 10 steady-stat"

e . 8 QIR A 0 W A Ml . i Ve S W W

7) which is a difference between the steady-state ramspeed (YS) that is an

‘aver age raghgpeedailn conenilded pattarelfpseond GTbefobree ¥ et td-Phat of
80% -and the target extrusion speed (r). The rise tine eXtrfc-ing unit 38 -
extracts'angérat&ga.lSImﬂuhe1amh@dﬁmemt(snngpﬁgﬁab)cqwﬁ%%l ed PEETRTR om
an instant when the ram speed (YR) reaches 70% of the target qgti?ﬁhon
speed (r) tis ekpressed @ise a insrear ikt IN,df 3 T aFBRE“ ekt Tiisi on
- speed. The first trial manipulated pattern correcting unit gg 4?”correCts
the trial nmdijgaltdved the EXETURIAR FPYefk 9 i the el plFee i Pa
uni-t 30, on the basis-of the overshoot anmount extr t he .
overshodt extracti F&euRVRISROOS; ﬁﬂ§£Q%ElQ9mPQﬁ§iﬁ&r?%?%%éﬁ%ng%ulated |
pattern-25 correcting unit 42 corrects. the frj nmpoi pul at ednPabEeEReOn
the basis OVemsdote #APUYGL OV (] g%g :?]ij Ylﬁ%t»??l r%Ht%lhal g
mani pul ated pattern correcting unit .44 corre the.LLial afephpybat ed
pattern onT@dfe SPRES R ) &gf ﬁgrcg‘getr}ef Sgar?i_%éééd chéé §
- extrusion speed (r) that is the target controlled pattern.
The steady-state error éxtracting uhit'36_extracps a .
10 steady-state'error (ES) (see Fig. 7) which isla difference
'between the steady-state ram speed (YS)-that is an average
ram speed in a period from an eldpse of 50% of one cycle to
that of 80%, and the target extrusion sPeed (x).
- The rise_ﬁime éXtraéting unit 38 extracts an average
15 rise time (TAV) (see Fig. 7) which is a time“frbm.an instant
when the ram speed (YR) reaches 70% of the target extfusidn
speed (r) to that when ﬁhe ram speed reaches 90% of the
target extrusion speed. |
The first_trial'manipulated-pattern correcting upit
20 40 corrects the trial manipulated pattern held by the trial
‘manipulated péttérn holding unit 30, on the bgsis of @he
‘overshoot amdunt (OV) extracted by the overShOOt extracting N
unit 34. | | |
'Similafly, the sedond trial manipulatgd pattern
25 .correcting unit 42 corrects the trial manipqla;gd pattern on

~the basis_of'the.steadyéstate error (ES), and the third trial

%FnahOIdLng"”



(TAV). The corrected pattern holding unit 46 holds the 5 corrected trial
mani pul ated patterns for the latest one cycle which are corrected by the
first to third trial manipul ated pattern correcting gt

The .corrected pattern conbining unit 48 fygther conf ﬂE?LAGémﬁﬁfé%EET
corrected trial manipulated pattern:held TO .by the porre,céggpf@wn_ :
“holding unit 46, with the criterial nanrpulated pat tieDatarhf ai ed
by conbi ni.ng previous corrected trial manipulated p
-criterial padhepalieobdi pgtusrh oOrribe ok mrutaM-qoaidmerﬁmlmmgtml 50
hol ds ‘the 15 corrected trial nmanipul ated pattern synthesized by the '
corrected pﬁ&hﬂpolaoehrpangnunrbn48heaeaehe ofi twird alverageutiged it er n.
The actual operation controller 26 conprises a criterial pattern outputting
~unit 52 whi ¢hA%¢rves as the 20 criterial nmanipul ated pattern outputting
-means, a feedback el enent 54, and a detection elenment 56, The criterial
pattern outputting Thetceereatpdt pathersr hoddialg it A athal attR8 n hel d
‘by the criterial pattern-holding unit 50, asthe criterion of a'tine-s {|es_
pattern bf osrrachedi pulaledanapripted patierad JAT i ARt qtRcyCie

the criterial- manipul ated pattern corresponds to a feedforward %#&

el ement in Yh&CAcRHAI CBFERSERENPY FRSofdEst & iR vﬁfilrfﬂdﬂ%"t’i&fr% ‘ee%nd

noi se in the actual operation, a_ feedhack
pattern correcting units 40, 42, and 44.

The corrected pattern comblnlng unit 48 further
comblnes the latest corrected trlal manlpulated pattern held
10 by the corrected pattern holding unlt 46, w1th the crlterlal
.manlpulated pattern,whlch ls_obtalned by comblnlng prev1ous
_corrected trial manipulated patterns held by the critertat o
pattern holding unit 50. -
| nThe-criterial pattern_holding unit 50 holds the '
15 corrected trial manipulated'pattern synthesized by the
| ._corrected'pattern'combining onit"48,.as the criterial
manipulated pattern. _ |
The actual operatlon controller 26 comprlses a
- criterial pattern outputtlng unit 52 whlch serves as the
.20 criterial manlpnlated_pattern outputtrng means , a feedback
element 54, and a_deteCtion element 56.
The criterial pattern outputtihg unit 52 outputs the. _
crlterlal manlpulated pattern held by the crlterlal pattern
- holding unit 50, as the criterion of a time-series pattern of
25 a manlpalated varlable in the,actual operat;on. Ihat is, the

criterial manipulated pattern corresponds to a feedforward



Ioop I's formed by the detection el enent 56 and the feedback _:j;u
Fig. 2 shows the hardware configuration of the aIun1nun1ex$rﬁ§P£KGEMENT~‘““ N

controller 20 of the enbodinent which is. realized by using E_ ezjﬂg
"Referring to Fig. 2, the alun1nun1extru5|q@ controller 20 ﬂﬁ{:g ARH@Q%P'”
64 which perfornms a cal cul ati on process, -&menory 66 which F10. -
storage device, an external storage device 68 which stores prograns, etc.

for alumnumextrusion, a digital input port 70 which'is an input port for
digital si gnal smedc di §i tRL QUEaM1 @géka@owhl Chnl & rd oW Womdht Width
digital signals, an A/D converter whi ch converts an anal og signal input

15 into a capitiesadtqi 48d 8b9Sal inatRbAaeenuar bperat iuhi,Cla Cepddck a
digital signal into an anal og signal' and outputs the anal og signal, the PID

control | er 2Boopnils t hermedr by i the ciengeeyen elieieh tS\EE. amet@éUf@aeqﬁa@e
the roles of the conponents shown in 20 Fig. 1: the overshoot extracting
unit 34, theek¢memly-S¢ate error extracting unit 36, the rise tine .
extracting unit 38, the first trial manipul ated pattern correctlng uni t 40
the secondl trial marfiyl a2 eshomas t ehe hardwatrengonfiigusratione ofhith@ tri al
mani pul ated pattern correcting unit 44, the 25 corrected pattern .combi ni ng
unit 48, theabumblemceptunshgn coptrehiesh28vef the embosimantyxhigh is

outputting unit_ 52, and the feedback el enent 54. The nenory 66 e}ays t he
‘roles of ther¢¢lh$ed by using a CPU 64. Referring to Fig. 2, the :

aluminum extrusion controller 20 comprises the CPU 64 which
performe aecelculatien'process, a memory 66 which is a mein
10 storége device, aﬂ'external storage device 68 which stores
programs,.ete..for-alumiﬁum'extrusion, a“digital input port
.70 which is aneinpuﬁ port for digital signals, e digital
.Qutptt port.76 which is.an outpuf port for digital Signals,_
an A/D converter 72-whi¢h eonverts an analeg signal input
15 into a captured digitai eignal,.a D/A converter 74 which
converts a digital sxgnal into an analog signal and- outputs.
the analog SLgnal the PID controller 22, and the operation
changeover sw1tqh.SWl. | _ | . |
The CPU 64lp1ays.the roies of the components ehown in
20 Fig. 1: the overshgot'exﬁraetiﬂg_unit-34, the steady—etate'

- error extraeting unit 36, the rise time extraCting-unit 38,
-_ﬁhe fiist trial'manipuiated pattern correcting unit 40, the
second trial manipﬁlated pattefn correeting unit 42, the
third-triel menipulated patﬁerﬂjco;recting'unit 44( the

25 -corrected pattern combining unit 48, theJSample capturing



mani pul ated pattern holding unit 30, the trial controlled 5 pattern hol ding
unit 32, the corrected pattern.holding unit 46, and the criterial pattern
hol ding unit 50. Fig. 3 shows .the software conf.iguratd the al um num
extrusion controller 20 of the enbodi ment .o An al um fUAEEPACEMERP SHEET
control |l er program PO conprlses a PID 10 ’Ebntroller oper at4 gn_capturi ng :
unit P2, an extr.usion pressure instruction correcting pagt MAﬁb%rLalon .

pressure instructing unit P6, and a self-correcting Gist=—=P8--the
control | er -opg{ 8&hOSWE APENE | 891 8L aP2ohudaes waebhek ihke ulliR et rald &fhe2?
is to conduct extrusion, and 15 stores extrusion pressure instructions of
the PID contfééﬁﬁacﬁzeleﬂh@tezgru5|on pressure i'nstruction correcting unit
P4 eval uates -the extrusion pressure instructi.ons of the PID controller 22,
and corrects the extThesiRemPrEssslrgla; st thet keNes 3@ the trialThe extrusion
pressure instructing unit P6 |ssues the extrusion pressure instructions for
each sanpl e, mantpy Lalges paetend obléxhguahan. 30Theheeltiriadr conttineg lisd t P8
eval uates the extrusion pressure i-nstructions .in the actual operation, and
corrects 5rmpammern|hml@xngswmet|mstrUhE|onsrezﬁed patternNdwrldimge unit
operation of the al umi num extrusion controller 20 will be described. Figs.
4 and 5 are ¥, amd thevwehitersabvpagtehs bpédangonnot Hf9e al um num
extrusion controller 20. Fig. 5 shows relationships in trial and act ual
_operations between tEtha@g%hoﬁﬂtt@%l%ﬁfsﬁééa GPPflgﬁeatlon of the

aluminum extrusion controller.zo of the,embodlment. An

'aluminum'extrusieh contfeller program PO comprises a PID
j'10 controller operationacapturing'unit P2, an extrusion pressu:e
ihstruction coriecting unit P4, 'an'exfruSidﬁ pressure
Lnstractlng unit P6, and a self correctlng unit P8.
The PID controller operatlon capturing unit P2 judges
whether the PID controller 22 is tq-conductlextrQSLOn,_and |
15 siores_extrusion pressure instructions_of'the PID controller
22. The extrusion pressure instruction eorrecting unit P4
evaluates the extrusion pressare instructions of the PID
controller 22, and correcfs the extrusion_pressure
ihstructions. | |
20 . The extrusien pressure instructing unit P6 issues the
extrusion pressure instructions for each sample, and’ Judges
‘the end of extru51on. The self-correctlng unit P8 evaluates
fhe-extrusionfyfessure ;nstructlens in the actual operatlon,
~and corrects the'extrusion pressure'instructioth |
25 o - Next, the operatlon of the alumlnum extrus;on

contrdller 20 will be descrlbed. Flgs. 4 and 5 are a



extrusion pressure -instruction (U), the ramspeed (YR), an 5 extrusion

start signal, -and an extrusion stop signal. The extrusion start signal and
the extrusion stop signal wll. be described |atef___Accordll ' g. 2, -
the operation of the al um num extrusion cgnt rol | jeREFY? ﬁﬁgg i bed -
with reference to Figs. 4, 5, and 6. 10 = } The atds the

operation changeover switch SWL through the di gi §&®utpi Hart="7s
“the switch is set to the state showin in Fig. 2 (trral operation position).
The oper at i dil aWchae veicwing cthSWpdwpstibneeri her hoahedunoakashsishla,
SWLb, ~and SWic, -and is configured so that, -in 15 the trial operation
posi tion, theomlker SMa iBippeheshewsl tdbatOohshissSYbtand1SWha are
~closed. Therefore, when the operation changeover. switch SWM is set to the
trial operatddmaglogindraticend dustheadn | thop tarfetnmedtbesiesnsphedP(B), the
controller 22 and the alum num 20 -extruder 60. That is, when the alum num
ext ruder 60 S*ETURISTY RIS FPEIatinshiertion s(¥) at thet hamespeadi ¢HRPr, oeass
(trial operation) is-conducted under the control of the PID controller 22
(see step SEBXUSiPn Htanegignale End &N dexkregionestRpr6ignalst afhe
signal ‘25 issued fromthe alum num extruder 60, through'the digital input
port 70, an@*&IASION &tEKh Fidnde aid ethe xerusion2stqprasgnalsyddd be),

t he extrusion pressure instruction({LD output fromthe PID controller. 22, .

‘and the ranm§F&FdRemRladiput ARG Funf Him 2xt FiRleppepation of the -

aluminum extrusibn contrdller 20 will be déscribed with =~

. reference to Figs. 4, 5, and 6.

10 ' .'_ The CPU 64 actuates the operation changeover s&itch_
SWl'thfough the digitai“outﬁut port 76 sé that the switch is
seﬁ_to the state showh_in Fig. 2 (triéllope;ation position).
The operation changeover switéh SW1 has three‘interlocked |

| COntacts'SWla, SWlb, ahd sﬁlc; and is COnfigufed SO that, in
15 the tfial operation positiOQ,'the contact SWla is opened and
 the cohtacts'SWlb and SchiarefclOSed.
| Thereﬁore; when_the 6peration chéngeover switch SW1
is set to the trial operation position, a feedback loop is
féfmed_between ﬁhe PID controller 22 and the aluminum

20 éktruder 60. That is, when the aluminum extruder 60 is
caused to'operate_under_this state, the exttuéion-pfbceés'_
(trial operation) is conducted under the control of the.PID
¢ont:oller 22 (éee #tep s2 of fig.:4).~ =

Nekt,,the'CPU 64 detects.the extrusion'start signal

‘25 1issued from tﬁe-aluﬁinum extrudef 60,.thr0ugh the digital

input port 70, and starts to capture the.given target



When the extrusion stop signal is thereafter 5 detected, the process of -
capturing these data is-conpleted. In this way, data of the l-cycle -

-ext-fusi on operation aré captured (see part (A) ( N Hre ata are
captured through the A/D converter 72, angl,then s%%%éh?%@ﬁﬁﬁﬁﬂﬁe y -66.
(see step S4 of Fig. 4). 10 . F|g sholps, a t pgttern of
each data captured in a 1-cycle extrusion" opera'vs1D S zﬁgrﬂﬁdmgg ws, in
an enl arged nanner, a rising portion (TU) of Fig. 7. [ The descri ption, a
ri'sing porté;&ﬁ}&sﬂan FPNOEn&! OpOALs Donf B LleDegEBRUBE I6h A1)
extrusi on operation to an 1 |nstant when the extrusion.pressure

‘instructi onyddut SEABRIERENBES ddvecfoIBért DPP. ahexthet bemCBPeBd qURNECtS .
the extrusion pressure instruction (U) on the basis of data- relatlng to the -

“trial OpEHﬁdﬂﬁhﬂMﬁﬁﬂméﬂﬁeC&ﬂﬂmﬂﬁﬁhléktfﬁdércche extrusion 20 operati.on
(see step S6 of Fig. 4). The correction of the extrusion pressure
~instruction (U)- |swnynnﬂﬂgubxﬂrusmﬂntgt@p gignaly psrthenséfthr a _
steady-state portion (TS), and a connecting portion (TC) which are shown in
Fig. 7. Fi ritedthed cotheqiraoesd d¢hecapsunigngothese @ath o6 gempillsed.
extrusion pressure instruction (U wll be described. The rising portion
(TY) is comnﬂﬂhﬂt|wayufdanaﬁnfrmhmelscycle3euepnad0n90§ﬁr§ﬁé0§vér§hoot
anmount, i.e., the cases where there is no overshoot (the overshoot anmpunt
(OV) of t heaptmspbe(bee/Rastolh) iof FFig. 76) s | BBesehdataonse f:ﬁ@ttlaeset |

through the A/D oonverter 72, and then_stored in the memory
66 (see step S4 of Fig. 4). | - |
10 Fig. 7 shows a time-serieslpattern of each data
captured.in a l-cycle eXt;usiOn'operation, and Fig. 8 shows,
in an en1ataed manner, a rising'portion (Tﬁ) of Fig. 7. In
.the descrlptlon, a rLSLng portlon (TU) means a. range
elongatlng_f:om_the beginning of an_extrus;on opetatlon to an
15 instant:when the extfusion pressure-inStruction (U) is
maximum for the flrst time. | | |
Next the CPU 64 corrects the extruSLOn pressure
instruction (U) on the ba51s.of data relating to_the trlal
operation which are captured in the 1—oycle extrusion
20 operatlon (see step ss of Flg 4). The correction of the
| extrusion pressure lnstructlon (U) is conducted in each of a.
rising portlon (TU), a steady-state portlon (TS), and a |
connectlng portlon (TC) which are shown ln Flg 7.
Flrst, the correctlon of the rising portlon (TU) of
25 the extruSLOn pressurellnstructlon (U) Wlll be descrlbed.

'The rising portion (TU) is corrected in different manners



extrusion speed (r)), and where there is overshoot (the 5 overshoot anDunt
(OV) is not less than 2% of t he target extrusi on spegg=ftE=—hea—th
exi sts an overshoot, the process is conducted.in furt 6mPiAGEM¢MnaHEERj
manners, dependlng on the cases wher e the,himtation |pf
variable is not 10 to be applied to the €Xtrusion prie
(U, and where the limtation of- the manipul ated vari'ab =5 ;;; ed
‘to the extrusion pressure instruction (U. The linitation of the

‘mani pul at ed g¥aehalhg BRAR%EA RREHDH VMRS | he, érax'w@éé@m}ah@raa' ue of
the extrusion pressure 15 instruction (U) is set, and, when the extrusion

pressure inghewet u@nnbubvb&s@llbs&oq%et QuaaRsb i hsncmm _TIT_tthi'éf)V\@%er_é(ﬁ' ue,

it is forcedly limted to the maximum al |l owabl e val ue. process

conduct ed V\fép@eﬁthYR\l sheemover $ieat 7( See gk tHhamild oe desceabgsk |1 n
this case, -a snoothing process 20 is first -done, and then an advanci ng _
process in whitchstbe sipeedof(rqyt,pand Mhddee thdrraisiooweessase (tiséruction
(U is advanced is conducted. The snoothing process is a process wherein
t he vi ci Bi t pvekrshbetr amoagtpgov)ods( Mdt dfdsctidthby2rofinshabtergst
behavi or of the al umi num extruder 60 is snoothed, thereby achieving an

obj ect t hat extichsdnnuspeel! ¢ rfijactor is 24 ellnlnated fromthe extrusion
pressure instruction (U so that the al umi num extrusi on operation is
snoot hl y. conduct ed. WEBB thscehexgspsoaessvershmunxnuhﬁ|Hrqnﬁﬁﬁckﬁme with
t he '

conducted in further finely divided manners, depending on the
‘cases where the limitation of the manipulated variable is not
iO to be applied to the extrusion preSSureiinStruction (U), and
where the limitation of the manipulated variable is_to be
applied to the extrusion preSSure instruction (U). The
limitation of the.menipuiated.variable_means a proCess
wherein the maximum allowabie value'of'the extrusion pressure
15 . instruction (U) is set, and, when the extrusion pressure
instruction (U) is disposed to exceed the maximum allowable
value, it is forcedly limited to the max1mum allowable value.
The process conducted when there is no overshoot (see
Fig. 9) will be described "In this:case, a smoothing process
20 is first done, and then an advanCing process in which the
time of outputting the extru31on.pressure instruction (U) is
; advanced is conducted. | | |
| The smoothing process'is_a proceSSIWherein the
vicinity of the rising portion (TU).sffected by an unstable
25 behavior of the aluminum extruder 60 is smoothed, thereby |

achieving an object thatisuch an unstable factor is



followi ng equation: [err] where UZ is.the extrusion pressure instruction
bef ore the snoot hing process, UA is the extrusion pressure instruction.:
after the snoothing process, n is'the nunber of sanples used 10 in the.
- snoot hing process, and k is the sanpling bigme. ‘In-th Rk
snoot hing process is conducted in a perloUFTron1the Xt ' of it he
extrusion pressure instruction (U shown in Fig. 9 t
reduction .zone (DRED). The reduction zone (DRH@ | 9
ext rusi on pedisume tisds tfmont ithe (bt dss ot pessSsibani 89trattibe (oXi BYM _
-val ue of the extrusion pressure.instruction (U). The advancing process is a -
process whetdas, the adaandamcexm#drﬂdnaqper&ﬂmnnlssngmoathlpfcbh&utﬁﬁﬁ
speed (YR) 20 shown in Fig. 9, the tine of outputting the extrusion
pressure i n@hﬁuéﬁp@ﬁ‘\(lu)z Prog@ssnced commistedi my porerdanégyitndthe
reduction zone (DRED) ‘of the. extrusion pressure instruction (U which are
shown in Fi §° é°§P€95GHPéGﬂ§@ ‘o t he. advanci ng process. Wen the
advanci ng amount is i ndi cated by tb, the extrusion pressure instruction (LD
is corrected according to the follow ng equation: {extrusion pressure
instruction U(t) after 5 correct| ol k)= {extru5|cnmxx£5§hre I nstruction
~U(t + tby before correcti (k) = - . (2
~When the average rising rate of t egru%mks.ge\@).(/)@?) g_ésyﬁll)l, or vvhen the
average rise tlne (TAV) is long, the ~— 7 2 2 .

‘where UZ is the_extrusion pressure instruction before.the.
smoothing process, UA is thé'exﬁrusioh;pressure instruction
after the smoothiﬁglprocess,_n_is the number of samples_used
_10' in the_shoothing proeess,'and k is the sampling time.
In this embodiment, the smoothlng process is
.conducted in a perlod from the extruSLOn start of the
. extrusion pressure lnstructlon (U) shown in Flg 9 to the end '
of a reductlon_zone (DRED). The reduction zone (DRED) is a
15 zone where the exﬁrusioﬁ'pressure instruction (U) is not less
than 80% of the maximum'value of the extrusion pressure |
instruction (U).
The advancing process'is a process wherein, in
accordance with the average r151ng rate of the ram speed (YR)
20 shown in Fig. 9 the time of outputtlng the extrusion
pressure lnstructlon_(U)'is.advanced. The rising portion
(TU)'and,redactidn.zone_(D?ED) of the exrrusion pressure.

instruction (U) which are shown in Fig. 9 are subjected to



advancing'annunt of the tine of outputting the extrusion 10 pressure

instruction (U) is increased. This allows the avefage=Frsrnyg.J. t he
ram speed (YR) to be corrected so as to be increas &EPW@W%%S% the .
~advanci ng process is conducted, the cycle,time of flhe apgniMARNOg§!t r ud) on
can be shortened. 15 - . . .In order to=obtain tRePdvancng AMILIAL of

- the outputting time on the'basis of the average ri S&trme (TAV), fuzzy _
inference is used. The control rule of the fuzzy inference is as -foll ows:

| F {average 5 S€ di: (1‘:%."0 ort ag ' 2Qm80RYNt si S small)
| F {average._.rﬂle:ga%‘%ar?;mﬁi r‘?"i‘?%’ng}&%ﬁédggﬁgﬁﬁgggmﬂnt S Isarge) The .
membership fupetdansy afy the, fg Vel | e $heweuLeibhogu)104 and
10B. In theluieafi'bo |man.t¥ ?ﬁ'e %ﬁ%p%#?iﬁéf%egg%ggﬁé?he avelr-lagé i ze)ti'me -
(TAV) is setedady HddbAiths % R0 NBbwPhgt Bguadysnei ng amount to be
0.5'to 4.0 sec. Wen the advancing process is c%nducted as described above,
the tinme-series patt@xtQfsidie gpdddiftON MEesset Loy Ul Bt ageeron (U) which
is the trial manipulated pattern is corrected on the basis of the average
rising ra e fridtciicH) spepsk{ X i soywessufé gindtrilexiont b¢tproteys
conducted in the case where there is overshoot and:the limtation of the
mani pul at ed pefidmblifbctisonp be applied to the extrusion pressure.. (2)
instruction (U) : - : ' '

When the average riéing_rate qf the ram speed_(YR) is
smali;:orlwhen the averégé.riseltiﬁe (TAV) is iong,'the
'  advancing.émounﬁ of the_time_of_outpufting the extrusion
10 pressure instruction (U) is increéséd,' This allows the
| ‘average rising rate of'ﬁhe.ram Speéd (YR) to be corrécted S0
as to be increaéed.',Thereforé, when the advancing process is
.conducted, the'cYcle time of the:aluminum éxtrusion can be -
shortened. - | |
15 - Iﬁ_Orderuto obtain the advancing amount of the
oﬁtputting'ﬁime'on'the basis of the average rise time (TAV),
fuzzy inférence.is,used.'lThe control rule of the fuzzy
inference is as follows:
| IF {average rise tiﬁe.(TAV) is short} THEN (advancing
20 amoﬁnt ié smail) | . |
IF {average rise'time (fAV)-is long} THEN (advanqing_

f.amouﬁt is large)

-Thétmembership functions of the fuzzy . .inference are
25 'showh in Figs. 10A .and 10B. 'Ih the'emediment, the support'



(see Fig. 11) will -be described. 1In this case, an extrusion pressure

i nstruction maxi num val ue correcting process whereir “frucinn pressur.e
i.hstruction maxi mum val ue (UMAX) which is the maxi
“extrusion pressure instruction 15 (U is2sorrected
then a snoot hing process and an advancing’ process arje
snoot hi ng. process and the advancing process are cond :
nmanner as the processes in the above- descrlbed case where there is no

overshoot, ot NoACHRS dAREEARD rikd e Efe (RAv@ndsrybe B beSons! @b qot he
above-descri bed case, the range. wher the snmoOt hi ng process is to be

‘conduct ed elgugaf esnd renad her extid Usd P &1 8¢ t afbuhBeLeXbeusi.entpr- essusec.
instruction (U shown in Fig. 11 to the end of the reduction zone (DRED).

25 ' The ext MHdOCHY eRBHRCi NG If ¢SS PBXEoHduysbdeasodesckibgd
‘process is a process wherein an extrusion pressure 27 instruction o
nBX|nunlvm|abdﬂ&wwehewurme4§eﬁiesr@ﬂ&tewmvafuehefekheuexbnupreaspressure
instruction (U) is corrected by reducing . the extrusion pressure instruction
(Uy in accoridestamatidn t{18) owelcaid deeuttid Dipanipubetednpaptedn( ¥R)
shown in 5 Fig. 11. The reduction zone (DRED) shown in Fig. 11 is

subj ect ed t cdrhmecbad uwi ctheriessis eof nshe vavévagenxigingvaktie obr tbet rag
process. The extrusion pressure instruction nmaxi mumvalue (UVAX) is -
proportionalsgeed hefRextshesronimprigisgur®. i nstructi-on 10 (LD Cbnsequently, by

correcting the extrusion pressure
© Next, the process. conducted in the case where there

is overshoot.and the limitation of the manlpulated varlable
10 is to be applied to the extruSidnfpressure instruction (U)
(see_Fig,'ll) will be describedr . In this case, an'extrusion
pressure instruction makimum'value.correcting processﬂwherein
an extrusion_pressure instruction'maximum value_(UMAX) which
is the naximum.Value of the-extrusion pressure instruction |
15 (U) is'correCted is first conducted and then a smoothing
process and an advancrng process are conducted i
The smoothing process: and the advancrng process are
conducted in the same manner as the processes in the aboye-
described'case where there is:no oVershoot, or in accordance
20 with Eq. (1) and rule R1l. Similar to the above-described |
case, the range where the smoothlng process is to be
conducted elongates from the extruSLOn start of the extrusron
pressure instruction (U) shown ln Flg 11 to the end of the
reductlon zone (DRED) . |
25 ' The extrusion pressure rnstructlon max1mum value

correctlng process is a process _whereJ.n an extrus:Lon pressure



I nstruction (U) accordi-rng to the foll owi ng equation: {extrusion pressure
I nstruction after correction} (extrusi-on pressure-instruction before =
~correction){1 - (reduction: ratlo)} ..... 5 tre’
extrusi on pressure instruction nmaxi mum vame (UN%X) Cé&
-according to the foll ow ng e_quatlon (exfTusion pres ure | g} m@ﬁ%
~mexi mum val ue after correction) = (extrusion pressurg Dagtruet i
“value before correction){1 - (reduction ratio)} 20
e (4) MheprtbeionensRontmavpuae (OMhxgf whhen am &Fmeed\a@{\!ﬁ)um Sralarege
the reduction ratio is''set to be large. 'This allows the extrusion pressure
| NSt ruct i onofreghauex yahsitof UMAgstivebeénsedueedono (hati st e meertsitbdiy anount
(OV) is 25 suppressed. = - 28 In order to obtain the reduction ratio on the
basi s of thesdweisdoohe asptints{6N) préssayei hhetenceion YSHd.in Hesausianas
rule of the fuzzy inference is as follows: |F {overshoot amount- (OV) is
large} THENv{tledticé i ovebshoati amosnta(Q¥) bE {theemhb@@ea%drﬁR )( GVowts in
smal |} THEN (reduction ratio.is small) (R2) The nenbershi p functions of - the

fuzzy irferkige hie 1Theshedncthofii gonel2BRER) s2BWn A g -eddodiSent, the

support set of the overshoot ampbunt (OV) is set to be 2 to 15%, and .
subjected to. the extrusion pressure 1nstructlon max1mum value

correctlng process.
| The extrusion pressure lnstructlon maximum value
' (UMAX) is proportlonal to the extrusion pressure lnstructlon
.10 (). Consequently, by correctlng the extrusion pressure
| =1nstructlon (U) accordlng to the follow1ng equatlon.
{extruSLOn pressure lnstructlon after correctlon}
(extrusron pressure lnstructlon before
correctlon){l - (reductlon ratlo)},. | | - ..,,; (3).
15 the extrusron pressure lnstructlon maximum value (UMAX) can
be corrected accordlng to the follow1ng equation:

(extruSLOn pressure lnstructlon maximum value after
-correctlon) = (extrusion pressure lnstructlon maxxmum value
.before correctlon){l_- (reductlon_ratlo)} | |

20 - - B (4)
.Wheh the overshoot amount (OV)lof the ram speed (¥R)
is large, the reduction ratio.iS'set to he large{ This
“allows the extrusion pressure 1nstructlon max1mum value
:(UMAX) to be reduced so that the overshoot amount (OV) is

25 suppressed.



that of the reduction ratio.is set to be 0.to 20% Wen the extru5|on'
pressure instruction maxi mum val-ue correcting process is conducted as

descri bed above, the 15. extrusion pressure instructz

(UMAX) in the tinme-series of the extrusio ressure |ﬁ§?tAmEMbNT§H¢Eﬁh

is the trial manipulated pattern is corre d on thé ba5|szg Axugjf rshoot
anmount (OV) of the ram speed (YR) shown in Flg 11. ZDMe ...................... % he .
process conducted in the case where there is oversh on

~of the mani pul ated vgy lcﬁ_f&ieﬁa 't% tq%‘%e 'i”lpt.p{é exgec%@ct?gneﬁétfé' 8H QHSSEQSLS

i nstruction (U (see Fig. descr case,

mani pul at ed \@rﬂ‘@mcﬁréﬂsfﬂd&é ok T O LERL DY B LEESACH 5ghugeﬁréec&ﬁea 25

mani pul ated variable limtation ti I'S app to.t

li'mtation ebnithelmanifulc athe Ak} ewsnééﬁéé is. &Qneaﬂeas Thereafter,
. the sanme processes as those conducted in the a ove-.descri bed case where

there is no overshoatr gegrerddddtMan@iintn @v %%%GT@ﬂNV@fé@@cﬁlbﬁ hot

to be applied to the extrusion pressure |nstruct|on
extrusi o5 presddr ds Natdgeot i on maxi mum val ue correcting process, t he
snoot hi ng process, and the advancing process are conducted. "Fig. 13 shows,

in an enlarged manner, {ave@ishioot bamoutch Owe id néMati PrrmEN t dﬁ%&ﬂ@nated
vari abl e of the 10 extrusion pressure instruction (U) isto be applied. -
The nani pul aaedovdsi ahlad 1)i nitation time shortening process i.s a processi
‘wherein the manipulated variable limtation tine o
| P (R2)
The membershlp functlons of the fuzzy lnference are
10 shown in Flgs' 12a and 12B. 1In the embodiment, the support
'set of the overshoot_amount (OV) is set to be 2 to 15%, and
that of the reduction ratio is set to_be.O to 20%. |
When the extrusion_pressure instruction_ﬁaximum value
correcting process is conducted as:described above,.the
15. extrusion pressure instruction_maxinum'ualue (UMAX)_in the .
.time-series of.the'extrusion.preSSure instruction (U) which
is the.trial manipulated pattern is.correCted on the basis of
the overshoot amount (bvj'of the ram speed (YR)_shown in Fig.
11, | | | | |
20 Next, the process conducted in the case where there
is overshoot and the llmltatlon of the manlpulated varlable
is to be applled to the extrusion pressure instruction (U)
-(see Fig. 7) will be described In thlS case, a manlpulated
variable llmltatlon time shorten;ng process which corrects a.

25 manlpulated var;able llmltatlon time (TLMT) that lS applled

_ to the llmltatlon of the manipulated varlable is first



(TLNW) of the extrusion pressure instruction (U shown |n F|g 13 is
reduced in. accordance with the overshoot anount 15 am=sneed
(YR) 'shown in Fig. 7, t her eby  correcting the patte NREPLAGEMENT ISHEEDN
pressure instruction (U). First, a processg of shortening 2 anl ajjed
‘variable limtation tine (TLNW) S conducred ( manijipGhiated.”v.a o
limtation tinme after 20 correctlon) (mani pul.at et —apres = on
time before correction){1 - (tine reductlon rati o)} (5) v%en the ‘over shoot _
anount (OV)cofhdiibeed am Sheeda Y&y, i sheakgRe bheckistes atuahose radrndudtedet
to be large. This 25 allows the manipulated variable limtation time
(TLMI) to bincoheesbedesdeasribetiecaber vheed. therd0is no oversRERILAGEMENT
SHEET In order to obtain the time reduction ratio on the basis of the

over shoot avmentifxgtidéuzey théemenmpulatade&ath@leonerMOUwﬂqahﬁ t he
fuzzy inference is as follows: |IF {overshoot amount (OV) is |arge} THEN
(time 5 remmlmdram@hesex*arge;onFp{:esensao@nsam@mw@aﬁl Jirs isifalsl YeIEHEN
(tinme reduction ratio.is small) (R3). The menmbership functions of the fuzzy
i nf erenck fELUCSLiSHAERFCFIUFE gsnsnnwcm@nlmaxmm VAd UenFOFTREHLNG he

support set of the overshoot amount (OV) is set to be 2 tqQ 15% and that of' -

the reduct iBFPFR%F 0 Fe s¥POREBN BRI OPTECFes, and the advancing process are

conducted.’
Fig. 13 shows, in an'enlaréed.manner, a portion'to
~which the limitat;‘.oﬁ. of the manipulated variable of the
10 extrusion_preesure instruction (U) is to-be applied. The
manipulated variable limitation ttme:shortening process is a
procees'wherein the manipulated variable limitation time
~(TLMT) of the extrusion pressure.instrﬁctien (U) shown in
Fig}'13'is reduced in'accerdance with the oVershoot_amoﬁnt
15 (0V) of the ram speed fYR)_shoWn in Fig. 7, thereby
| correcting the pattern of the'extrueion pressure instruction
(U). First, a.process of shortening the_manipulated variable
limitation time (TLMT) is conducted.
(manipulated variable limitation time after
20 ,correctien) = (manipulated variable limitation'time before

-correction){l - (time reduction ratio)}

When the overshoot amount (OV) of the ram speed (YR)
is large, the time reduction'ratio is set to be large This
25 allows the manlpulated varlable llmltatlon time (TLMT) to be )

corrected so as to be shortened



When the mani pul ated vari abl e limtation time shorten
conduct ed as descri bed above,  the-15 rmanipulated vari

ng process is.
able [imtation tinme

(TLMI) (Fig. 13) in the tinme-series of. the extrusion

ronoocur o not ot
) I VAR R I U SOy B ¥

(U which is the trial manipul ated pattern3@s correct ¢

overshoot amount (OV) of the ram-speed (YR) shown in

stptetien -
dawcrmmssssefv he

‘Then, the ‘end point P1 of the nmanipulated variable lii
correction is connected with the end point P2 of the-f

by a line on the patirromsdes, tédobbinanbeP6ingé Feductionndadcdb op tihe

extrusion pressure instruction (U). before correction.

fig. 19. > |
11! g@tte i:.gn..m._gper

edgetHF

D)

The 25 ‘patterns P3,

P4, Pl, P2, RawiPerhirehecovesshontvapauner (OU) ,t iezeyt Lodienenseedsuused. -
instructionﬁ&é%, and then the 31 mani pul ated variable - limtation tine

shortening -
portion (TS) of the extrusion pressure instruction (U)

e3nERok oripl @t efl. thexfuzeyeinéerencieon sobst Holdowsdy- st at e

shown in Fig. 7 5

wi Il be described. ¥ stRRESRIQE cap@nnt ohO¥dr ieclprgepr SEEYs (Fh8eei n the

steady-sggtqqp rtion (TS),is,corrected is a process wherein-a steady-state -
d &F

mani pul at

Y (1118 h2%3® f usi on pressure instruction (U) is

corrected in accordance wth the overshoot anount . of e ram speed 10
shAde | EEN

(YR) shown in Fig. 7% YHERORE-WMRE ptPY) ohSc

_condgcted |gé§§é¥dance th, the

' fo] | owi ng expression:
ion rag¥o 1s smafi) g P

ré&égg i s

..... (R3)

The membership functions of the fuzzy inference are

10 shown in Figs. 14A and 14B. In the embodiment, the support

set of the overshoot amount (OV) is set to be 2 to 15%, and

‘that of the reduction ratio is set to be 0 td'70%g

When the manipﬁlatéd variable limitation time

'shortening prqceés'is conducted as described above, the

15 manipulated variable limitation time'(TLMT) (Fig. 13) in the

time-series of the extrusion pressure instruction (U) which .

is the trial manipulated pattern is corrécted on the basis of

the overshoot amount (0OV) of the ram_spéed (YR) shown in Fig. '

11.-

20 | ' Then, the end point Pl of the manipulated variable

limitation time after correction is connected with the end:

' ‘point P2 of the reduction zone (DRED) by a line on the

patterns P3, 24, PS, and;PG of Fig. 13 indicating the

extrusion pressure instruction (U) before

correction. The

25 patterns P3, P4, Pl, P2, and P6 are set as a new pattern of

the extrusion pressure instruction (U);'and then the



USS US/ (1 - ES/r) (6) where USis the.
st eady-state mani pul at ed varlable Jbefore the 15 steady-state portion-
correcting process, YS is the steady- state ram speed—st—is=the=targe =)
extrusion speed, ES is the steady-state egfor, and UJ—;EPLRWEMﬁNiﬁﬂEEﬁaIe
nanlpulated vari abl e after the steady-state portion c‘
descri bed above, the steady-state error (ES) in 20
bet ween the steady-state ram speed (YS) that is an aves T s peed
period frommh ghanstedivaPYAR e Wﬁnfy&tﬁoﬁf t1h8 ghb'r'ﬂShQﬁgO ebakisen {60
that of 80% and the target extrusion speed (r). Consequently, the .
st eady- st at exdagstdtdy correcting process can conduct also the 25 snoot hi ng
process of the steady-state portion (TS) of the extrusion pressure
instruction (U: Thesdpoile rghpfeeessen obf th82stbadgteadyespareipar (irsn
(TS) can prevent the hunting phenomenon of the steady-state portion (TS)

~from occurriofy. tiexdxtusiomentésguper inghraotient (g phowessnwiégei 7 t he
connecting portion (TC) of the extrusion pressure 5 instruction (U shown
in Fig. % i widd rectdssaribede dmssteaeﬂ-stahe ponhéoni Agrpectiisg process
correctlng process is a process which is to be conducted when a gap is
formed bevmwhenémnrt&arﬁﬁgﬂdv+$natélponhuonhéTsﬂeaaycéﬁﬁﬁétﬁér@Soﬁ (TS) as
a result of the above-described corrections for the rising 10_ portion (TU)
and the steduyocrss evippreinm (Sgjadywetatechanipapasrisvariahdeeh¥Sorst Q1

of the r|5|n%1port|on (TU) .in the pattern of the extrusion pressure
: e extrus1on pressure lnstructlon (U) lS corrected in:

accordance with the overshoot amount (OV) of the ram speed
10 . (YR) sdenlin Fig. 7. Ihe-steady—state_portion correcting
process is_conducted.inhaccordance with the following |
| eXpression: | | | |
'ﬂss = US/(1 - ES/z) | - ceee. (6)
where US is the steady—state manlpulated varlable before the
‘15 -steady—state portion correcting process, YS is the steady-
| state ram speed r is the target extrusron speed, ES is the
steady-state error, and USS is the steady—state manipulated
variable after the steady-state portlon correctlng process.
As descrlbed above, the steady-state error (ES) ln
20 (6) is a dlfference between the steady-state ram speed |
.(YS) that is an average ram speed,ln a period from an elapse'
of 50% of.one.cycle of the extruSion operation to that of
BO%}-and the target eXtrusion_speed'(r). .Consequently, the
steady-State.portion correcting process can conduct also thei
25 smoothlng process of the steady-state portlon (TS) of the

extrusxon pressure instruction (U).’ The smoothlng process of



instruction (U) is connected with the start point @ of the steady-state
portion (TS) by a line, and a process of setting 15 it as a new patiern of
"the connecting portion (TC) of the extrusion pressur b T
.conducted. On the basis of data relatingsgo the trie S%i éFIOh
corrections for the rising portion (TU), “Steady- st e%
connecting portion (TC) (see Fig. 7) 20 of the ext r ui hreee
“instruction (U are conpleted, the CPU 64 stores the correctlon result in
the menory £fe ($€€a E@té@eoﬁofiﬂon4(TSWb&hn PE@V@B@ &hd bigasinthet her the .
~above-described trial. operation is conducted for the first.tinme (see step

S8 25 of Fbl@enéﬁlenoﬂlfof hehér s8ba@pesthtenpbgtiba f(imSot fawm ddwmrrimf same
operation i's-again-conducted (see part (B) of Fig. 6 and steps S2.to S6 ‘of .
Fig. 4). If the triméxopes atomecsihgpepsethon opriratéingngrockes sceteastinon
result of the extrusion pressure-instruction' 5 (U which is stored in the
menory 66 atite obbaneetiiy pbetponceMCmgoﬁpeheteamxuﬁsOQOWMQﬁﬁmmath t.he
correction result of the extrusion pressure instruction (U obtained by the
current 3ribtstpecaionn(U) ThkownnbnnBigr e3ulis corgested asld mhav correction.
result in the menory 66 (see step S10 of Fig. 10 4). The CPU 64 then

~’judges V\hetdtmcmlpe@setTlmenbennectingapoupepat CORTEFRHIAI PIPEHTIU® & (see

step S12 of Fig. 4). “If the judgnent result is negative, steps S2 to S12 -
are - process which is to be conducted when a gap is formed between |

. the rising portion (TU) and the steady-state portlon (TS) as
a result of the above-descrlbed correctlons for the r151ng
10 portion (TU) and the steady-state portlon (TS)

When such a gap exlsts,_the.end,pOLnt Q1 of the
risihg_porticn (TU) in the'pattern of'tﬁe extrusion pressu:e
instruction (U) is conhected'with the_start point_QZ of the

' steady-etate portion (TS)-by a line, and:a process of setting
15 it as a new pattern of the'eonnecting portion (TC)'of the-
extrusion pressure iﬁstrﬁction'(U).ie condgcted.

'on the basie of date.relating to the trial operation,

- when the coriections'fof the rising portion"(TU), steady-
state portion (TS), and connecting portion (TC) (see Fig. 7)
20 of the extrusion preséure'instruétion (U).are cempleted, the
CPUl64 stores-the'correcticn result inethe memory 66 (see
fstep S6 of Fig. 4).. - | | | |

Next, ‘the CPU 64 judges whether the above-descrlbed

trial operatlon is conducted for the first t;me (see step 13

25 of Fig. 4). If_the trial eperatiOn is the first‘one, the



repeated. In the enbodinent, the trial operation is set so 15 as to be
conducted 4 tinmes.- If it is judged that the preset.-nu of trlal
operati ons have been conducted, i.e., ‘the trial operat )
~conpl eted, the CPU 64 actuates the operatjzon changeovs i oM _
the digital output port 76 shown in Fig. 2 20 so thag;hb@ smntch |s Setlto-
the state (actual operation posi tion) which is an invegsi-gd agf af MY
in Fig. 2. That is, in the actual -operation position, the cont act ais
¢l osed and ésﬁecepé9§t§o§V\lB V\?dlﬁv\esnawt@wq%e Beref @ e ofheig | he and
operation changeover switch S s set to the.actual operation .
" position, tgee§%EBQOﬁbrgblef EngOﬁ\the trial operation is disconnected
fromthe alumi num - 34 extruder 60, - Thereafter, the alum numextrusion is
conduct ed under theIcOﬂhéotr@altbpeaatuah Qpemﬂe(meanndruﬁlratéﬁsqnaxaFHg '
1) (see part (C) of Fig. 6 and step S14 of Fig. 5). Specifically, the CPU
64 outputs ahetberrebtéohareSumnnbmutaEe@mmnusiontpnesaur&xmnsnrusﬁiwm of.
the extrusion pressure instruction (U which is stored in the nmenory 66 and
obt ai ned5by(Uhewhboheidestorbddinr the oeswati ¢f, ansl tdcaingd m ©&e r uder
60 through the D/ A converter 74 shown in Fig. 2. This causes the alum num .
extrusi on cpreeefling operationscémdgembimed skidiotihe FATRTBIOHTeslt
al um num extrusi-on (see Fig. 1). In the same nmanner as in the case of t he
trial oper a@fohhetﬁstm@len §§p§§ua§§ dasgrection dl oRfaiNsh ih t

_current trial operatlon The combined result is stored as a
new correctlon result in the memory 66 (see step S10 of Flg
10 4). | |
| | .The CPU 64 then judges whether a preset.number of
-trlal operac-ons have been conducted (see step S12 of Fig
4). " If the ]udgment result is negative, steps S2 to SlZ are
 repeated. In the embodlment, the trral operatlon ls-set SO
15 as to be conducted 4 tlmes
CIf it lS judged that the preset number of trial
operations have been conducted i.e., the trlal operation has
been completed, the CPU 64 actuates the operation changeover
switch SW1 ‘through the digital output port 76 shown in Fig. 2 -
20 so thatjthe switch is set to.the'state (actual operation
posrtlon) whlch is an 1nversxon of that shown in Fig. 2.
That is, in the actual operatlon position, the contact SWla
is closed and the contacts SWlb and SWlc are opened. o
| Therefore, when the operation changeover sﬁitch.SWI
25 is set to the actual operatlon posrtlon, the PID controller

22 for the trial operatlon lS dlsconnected from the alumlnum



t he actual operation, such as the given target extrusion 15 speed (r), the
extrusion pressure instruction (U) output fromthe DA -
the ram-speed (YR output fromthé al um num extruder 60, pEMrs NeHBED .
converter 72, and then stores these data 3&-the nenory|i66 (see sHeMAR1EY
"~ Fig. 5). The CPU 64 eval uates the captured data of thel|28zsextrusi.on........ |
operation in the actual operation. |f the steady- state—esretr-{ESEo
ram speed (YR) shown in Fi'lg. 7 renmains, the steady-state portion (TS) of
t he extrusi exyneksurcd . nstHasd e Ut £huhsntimeegtrtisionl isnobpduated
pattern is-self-corrected in accordancewith Eq. (6)-in the 25 sanme manner
as the abovexndiesr riheedaream bfod hthd ractuabeoperani¢secosteplbed 36 Fsge
5). 35 Also in the actual -operation, an alum nium.extrusion control . .
wi t h hi gher Figl.i dbi l(iseecpatie (Ealafzerliig bys comdi stépgSikecteFigeoblection
of the steady-state port+on;gTS) of the extrusion pressure instructijon
(U). The CPU 64 noniSpecs fa adild yox dien P &ighputrseedd s r ohe t pEl Betddhi um
~extruder 60, through the digital input port 70. If the die exchange:signal
i's not i Ssud@nipdatad) fatdRramttiivh serrepepRdrgSebhdatt Bae(SKERESERR t o

S20 of Fig. 5). 10 When the tar et;extrusi&n;speedeér% is‘ﬁ?anggd
during the RHFAVTSSIRGBICTLHEe (@DXJW%F obdritored| i ke elelnery, 66 and
.decreases the extrusion pressure instruction (U).in accordanc L{fh the
change of t RO TEANGE Q%aghﬁnéﬁP%ﬁr Qrybe _téf&l operation, Equﬂe

aluminum extruder 60 through the D/A converter 74 shown in

e 9

Fig. 2.r This causes the aluminum ext:usion contrqllexlzo to

10 conduct the feédforward contrél onlfhe aluminﬁm'éXtrusion_ '
(see Fig.ll). |

In the.same ménner_as in the case df the trial
operation, the CPU,64 captures data of 1-CYCie extrusion in
the actﬁal opéraﬁi@n, such as the.givén téfget'extrusion'

15 lspéed-(r); thé extrﬁSioﬁ_pressure instruction kU) qutput from
the D/A converter 74, and the_raﬁ speed (?R) output from the
aluminum extruder 60,'£hroﬁgh the A/D converter 72, and ﬁhen

| stores these data in the memory 66 (séé step S16 of Fig. 5);
The CPU 64 evaluates:tﬁe captﬁred data of the o

20 extrnsion 6peration in the actual 0peratién.- If the steady-
state error (ES) of ﬁhe'ram spéed (YR);Shown in_Fig. 7
remains, the steédy—state'pqrtion_(TS)‘of'the extruéion
preSSuré instruction (U) Qh;ch-is the critefial méﬁipulatéd

' patterh is.self-cbrrectéd'in accordanbefwith Eq.'(ﬁ) in.thg

25 same manner as-the.ébéve-déscribedléése of the trial

' Opefation (see step S18 of Fig. 5).



(see parts (D) and (E) of Fig. 6). 15 T Wien the CPU 64 receives the
di e exchange signal, the CPU actuates the operation changeover switch SV@
t-hrough-the digital output port 76 so that the -switch i
state (trial operation position) shown in3§ig. 2, and r sg#QAbmewqm&ﬁmns_
of- the menory 66. Then the trial operati®n 20 using tlhe Plgs:qqARqﬁl '
'starts to be conducted on the new die (see step S20 ofl iGte D). 5. L0
way, each tinme when the die is exchanged, the optinmum cClkt: '
pattern for respectlve die is obtained as a result of the trial operation.
25 | n somedéffedn Pﬁatﬁ@VP@HMVQQﬁ?fKﬁQ%HaTWﬁﬁ%ﬂ'n'3 2XREUSHFR di e
I s used, but onIy the extrusion |ength, e., . 36 the, Iength of an.
-aluntnuntbat P> Vhe”acﬂu&kaéﬁeraﬁﬂmﬁqﬂrﬁﬁwff%%ﬂﬂpf Wrthat A th%“tPFan
operation. _|n _order to conply wth such cases, the r|SIn poLtion (TU) -
and st eady- “8PafE&-poFEEaRCCTSY 6F (e SaTahi oh-presstr e-Thst ruct Pon {8 5
after correctLQn are not changed _Lhe aut putting time of the steady-state
nanlpulated‘§arlﬁbré SN tsee*ﬁs *Tj‘“ &he steady state portion (TS)
I s extended or short ged Fi.g. n%? sngmﬁ the cqné r%fg an-aﬁgg1augh
extrusi ol controller” °WH| eh "$™a-Eont Fol” appara ccording to.

anot her enbadi,ngnt, ot the dnvent i espe tgtéhe,{&glcegttotber
22, the trlaféoperatlgh aﬁary2|ng%9ﬁ|f:bﬁ' a%d tﬁgi% eration changeover

sw tch SWL, rheyg HILNUFCREGS BSOSy Abdde, (i sAceadp The

+h
oy

operati n is repeatadly conducced ’steps S to S20 o -ig.
5). |
10 _ t- Wwhen the target extrﬁsion speed (r) is changed dering
: the.actual'ope:atiCn, the CPU 64 proportionally increases .or
decrsases the extrﬁsieh'eressure inst:ﬁction (U) in
accordance with the_change'of the target extrusion speed (r)

(D) and (E) of Fig. 6).

ur

(see parts
15 t  %hen the.CPU 64 receives the die exchange signal, the
CPU actuates the operation chaﬁgecver switch SWi through the-
digital output.port 76 so that the switch is again set to the
state'(trial operation position) shown in Fig. 2, and resets
the contents of the memory 66. Then the trial operation |
20 wusing the PID controller 22 starts to- be conducted on the new
' dle (see step 520 of Fig. 5) In this way, each time when
- the die- is exchanged the optimum crlterlal manlpulated
pattern for respectlve die is obtalned as a result of the
trlal operatlon | |
25 '~ In some cases, in_the'trial and actual operations,

 the same die is used, hut'only the extrusion length, i.e.,



al um num extrusion controller 20 shown in Fig. 1. However, 15 the
contents of 'an actual operation controller 82 are dlfferent fromthose of
t-he aluntnuntextru5|on controller 20 shown in Fig__}._ Specifi v unli ke
the actual operation controller 26 of the3al um [usespddeastensaeet rpl | er 20
shown in Fig. 1, 20. the actual operation contrgller 2P@@ kﬁﬁ I num
extrusion controller 80 of the enbodi ment shown '@mE?

configuration |n whi ch t he target val ue i s not $upptied-—to theeridleria

pat tern. out puid gy i to 52, ThN 5, CORG T GULAL LD, IRY DR uSEdeln:a casg where

the 25 sane'target” valUe 1s alway s set Wwhen the sane die-1s uséd, or ina
case where tlyafgq;luniuderﬁguu %ruct F -37-ngg,change i n
proportion t'6a change amount of~ the arget."var ue an hence the éxtrusion

pressure i nstddctd op ()5 q@eds-ggﬁbersgt sege&agng gpr eaeha}argeta&%Lue
Fig. 16 shows the conflguratlon of " an al Unt num extrusi on control i er 90

which is a %mg4aﬂadyﬂﬁﬂﬁﬂémgENKXN{H@ggigwgsfUﬁtgessgﬁbethQHPJQP bhe:u,
invention. " Wth respect to the PID controller 22 and the trial operatlon
anal yzi ng unid: 24,cd:e 181 4B exd £ UShPRgEaNt £nbl 8atB0taLagt RemeanE anet he
al um num extrusion controller 20 shown in 10 Fig. 1.  However, the
contents of saeabt-uslatepeiatinm comd redtes-92 avd; ansgpeFauloﬁ\chénghever
‘switch SW8 are different fromthose of the al um num extrusion control ler 20
.shown i.n Fi gtshdy-state oortlc !TS) ls'eXcendea or shortened:

------------------------------

<

Fi ig. 15 shows the cOnfigurstion of an alumlnum
extrusion controller §0 which is a control apnaratus
ld_ accordvng to ancther embodiment of ‘the invention. With
raspect to the PID controller 22, the trial ogeration
.snalvzing unic 44 and the operat;on changeover SWitch Swl,
the aluminum eXcrusl n con roller 80 are the same as the
aluminum extrusion controller Zd shown in Fig. 1. :However,'
15 '-he contents of an actua1 operet*on'oontro?ler 82 are
.clfrerent £rom those cf the alumlnum extrusron control1er 20
shown in Fig. 1. |
Specificall y, unllke the aCtual operaclon controller
26 of the alumlnum extrusion controller 20 shown in Fig. 1,
20 - the actual operatlon controller 82 of the alumlnum extrusion
controller 80 of the embodlment shown in Fig. 15 has a
conflguratlon in Wthh the target value rs not supplled to '
‘the crlterlal_pattern outputtlng unit 52.
This configuration may be used in a case where the
25 same target valuetis al&ays set when the same die is usedl or

"~ in a case where the extrusion pressure instruction (U) does



Specifically, the actual operation controller 92 of 15 t he al um num
~extrusion controller 90 shown in-Fig. 16 is different in that the -PID
controller 22 which-.originally is the tri-al operatio dback-circuit
functions al so as the actual operation feggback circyli Repfacamtiresagitd|
operation controller 26 of the alum num exXxtrusion coftroll ﬁﬁﬁfﬂﬁ§n 2J
in Fig. 1 and having the feedback el ement 54 and the‘dEﬁecg§Q ....... | 8RNt |66
whi ch -are i ndependent fromthe PID controller 22 mhiéﬁ=#s=th%;iJiﬁl dl
operation feggb%_k4ﬂgcnntﬁ*$MhLKe the al umi num extrusion.controller 20
shown in Fi ¢°1 5 FRE et AT Thaflgesiet SUHIEH SHE dF The-aFunfndias
extrusion contral ler, shown in Fig._ .16 is not provided with . the__
contacts S\/\l’%‘al%d agﬁ%%vr\\h%‘{]ech"fr }‘u‘s‘e =i 5"‘h%?1%‘|‘%19‘%€§‘r1_h‘e“?eéabagl?“ﬁggo.
In the case .where the PlI rolder 2, feedback element 54, and detection
el enent 56 i'“\r{lsht“ﬁe °§1-‘ur%:ér¥§n:1%g‘%‘r‘ﬁs'l“6'n %ocﬁ r_'o‘;fizlb r".zgé‘é%%\'m- in Fig. 1 have
simlar control characteristhes,s _t;‘__h,eehaJu ".;%“{naeﬁcgﬁjsg}pna:gcﬁﬁ:gﬂl% 90 shown
in Fig. 1o my be uséd’in plrace of the al’um Aum’extrusion controller 20
shown insFi gl Mien asingle fepdbaplcpircul tedse isedador-sgstrial 10
operation and the actual operation. as described above, it Is possible to

sinplify thecGick@Uidy GoNfi GUAHLN ampotRErRI0F &y 7 thies PLodiigt i oA, CcRstnof the
~alum nium extrusioncontroller 90 can be reduced. Fig. 17 shows the '

confi gurati easglecn @) WHNWIDL oI IUS O £ UHd OtALT c 2001 Wbshat foR

-control apparatus . _ _ _ _ o
analyzing unit 24, the aluminum extrusion ccntroller 90 are

the same as the aluminum extrusion controller 20 shown in

ig. 1. Howéver,-the contents of an actual operation

=
(o]
[£Y]

- controller 92 and an operation changeover switch SW3 are
diffarent from those of the aluminum extrusicn céntroller 20

shown in Fig. 1.

\0
N
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Specifically, the actual'operation controlle,

K

Te]
f—-l

N -
).4
[P}

ul

the aluminum extrusion controller 90 shown in Fig.
different in that the PIb.cbntroller 22 which originally is
the trial'operafibn feedback circuit functions also as the
actual opefation feedback circuit,-from the actual operation
cohtrollér 26 of the aluminum éxf:usion controller 20 shown
20 in Fig. 1 and hqving-the feédback element 54 and the
detéction'elémént'sé which are iﬁdepéndenﬁ from the PID
controller 22 which is thé trial;operation feedback circuit.
Unlike the aluminuﬁ extrusion contfoller.20 showh in

Fig. 1, the operation changéoVer'SWitch SW3 of the aluminum

25 extrusion controller 90 shown in Fig. 16 is not provided with



according to a still further enbodi nent of the invention. Wth respect to
the PID controller 22, the trial operati'on analyzing unit 24, and the

- operation changeover smntch SWL, the al umi num extrusi onptretter—300-are
t he sanme as the 20 alun1nun1extru3|on cggtroller 20 sﬁﬁmmACEMENQSHEET
However, - the contents of an actual operatton controltier éére di ffere{
fronlthose of the al umi num extrusion controller 20 sHp®atsi:

Specifically, the actual operation controller 102 of Picias
.. extrusion controller 100 shown in Fig. 17 is different _in that t he
control | er Go®sicONEasHsodW: ac SWT terial Pt tes9 ot PuELRAGDEI PVET and
~is not provided with an actual operation feedback circuit fromthe actual

.

operation GOft FHICERCI2E56® - t he al umi num extrusion control | er. 20 shown ih-__e

Fig. 1 which has the actual operation feedback In the casg,where n. t he

al um num ext r usi on cénﬁﬂ@lFéPeZU@9mﬂM+?Q13%%]PQPtﬁ?mﬁErls ho* ﬁ?g?ﬁ?ﬁance
on the contrql object 28 or no noise on the de ?CIIQQ el epent 56, the

al um num exBr-G8RGT Cont AR &= RS 1o vt T dg 17 nﬁy b%‘l%“u@ed in place

of the al um num extrusion cantrol 20 sho in Fjo,._. ”
above, tRe GFi-Si%67 0 Y Hé Feddb ﬁﬂQWﬂuﬁvtaﬁ%h +sq?6¢be use ﬁg ol

act ual opera on aIIo_ the ci.rcuist confi [@;IO SLﬂpLLf d
Ther efore, th@ f§ “péginnﬁknré%fﬁﬁﬂl}qﬂa i et %éex rUSTon - co% oPFer 100

can be reduced t1he %dl utsetciS .qxes récbeedo@b'ﬂyg’ai-.g'ﬁlzt‘.ulnaextru51on

controller 20 shown in Fig. 1.
When a sl.gle feedback Cerult is used for the trial
10 operatlon and the acfaal operation as descrlbed above, it is
gossible to Smellly_the circuit conf;gurat;on, Therefore,
the production cost of.the.aluminom'extrusibn'controlle:'90
can be reduced.' | |
Fig. 17 shows the configurafioh.of an_aluminum
l5 extrusion controller 100 which is a control aona ratus
according to a still further embodlment of the lnvention.
With respect to the PID cont:olle: 22, the trial operation
ahalyzing unit 24, and the operation ehaﬁgeover switch.SWI,
‘the aluminum extrueion controller 100 are the same as the
20 aluminum extrueion COntroller 20 shown in-Fig. 1. Ho&everl
the contents of an.acfualnoperation controller 102 are
different from those ofﬂthetaluminum extrusion controller 20
shown in Fig. l. |
Spec1f1cally, the actual operatlon controller 102 of
25 the aluminum extrusloh contrqller_lOO shown in Fig. 17 ls.

different in that the controller consists of only the-



operation is cdnducted'by the PID controller 22 shown in Figs. 1, 15, 16,
and 17. Alternatively, the trial operation 20 may be_conduct ed nanually by
a person such as a skilled operator of the al um num he
trial operation is conducted by the PID comtroller 2 kﬁ%@gég%%Ngégﬁiﬁ
person who is not skilled in operation of " the alumin nD%xt,&Bjqum
conduct the trial operation, and hence it is 25 convedLed it He
calcul ation of the trial correctlng val ue such as the. -advanci ng anount of
t he outputtlr&*J;nﬁ on tne basis_ of Ihe trial eyal uati.Qn_characteristi

~val ué such as the average r$se “UTAY) MtazZy ff erénc% |é %%é ed fﬁ £h

i nvention is noj.dgstrd 4%] LHtrg;%ﬁ%.g OBy .yse a;cn@vqulqgal statlstlcal
The TTK ove

i nference techni que. or e."Tn the above, the embodi ment's | n which the

target extrugidfn:speed-ddJ-4s: son OYET 2 ORR 1 G¥f! 8xkukhe; EékHUSbQQa“
operation have been descf%bed' T%%a?iveth%ngﬁﬁy ‘be appqled to the

case where the dargets £I14Sion sneed (L), hs £E€99§d~bl’=}:§__ Ked opabheln
over one cycle “of the extTiision operatlon Tn the enbodi nents, the

over shoots amauid.:(:QV), the average rise. tinme (TAV), the steady state error
(ES), etc. 15 are used as the trial evaluation characteristic val ue.

Al ternatively, anot hey GhaladLrHndd<L, val ue gyl BRi HeRderS-tBeohr i a

eval uation characteristic value. As the trial correcting value, the

advanci ng am#drcller 20 shown in Fig. 1, there is no disturbance on the

:ontrol_object_28 or no ﬁbise on the.detecuion e;-menu 56,
the aluminum sxtrusicn cont*ol?er 100 shown in Fig  ’7 may be
10 - used in ?lace of t he alumlnum =x;ru51on cont*olle* 20 shown
- in Fig. 1.
) As desc*lhed above, the cmiséion of the feedback .
cult whlch is to be used 1n the actual ‘operation allows

the circuit conflguratlon to be simplified. Therefore, the

e
tn

roduction cost of the aluminum extrusioﬁ conu:o'lar 100 can

be reduced; |
In the émbodiments.describéd above, the trial

peratlon is conducted by the PID controller 22 shown in
-Figs. 1, 15, 16, and 17. Alternatlvely, the trial operation
20 may be conducted maﬁually by a person such as a skilled
.. operator of the aluminum gxtruderléb. When the trial
.ope:ation is conducted by the PID cqntroller_Zz;_however,
even a'ﬁerson_who.is not"skilied'in operation of.the:aiuminum 1
-extruder 60:can condﬁpt.thg trial operétion,'and hence it is

25 convenient.



‘the extrusion pressure i nstruction maxi num val ue (UMAX), the 20
mani pul ated variable limtation time (TLMT), the steady-state mani pul at ed
variable (US), etc. are used. ‘Alternatively, another CharaCTPrlcf'
- may be used as the trial correcting valugggln the € m
time-series pattern of 25  the extrusion "p're_ssure I Mél,m
I| ur

- corrected on the-basis of the overshoot anount.(OV)|iqr t el |lie Kebhur 41 -
trial operations are independently conducted and thg CHIEEFTEl at ed
pattern is finally gbtained hy averaging the tinge- series (J__oalterns of the
extrusi on pressure FRASERECCROFY-B~4 OF dre corireetRF R ‘a*?%sfﬁ“fu%fs‘t‘ﬂ%

respectlvetrlal ope[athns Alterna,llvely the trial eration rrg% €
conduct ed wfh TS AG AR HIGETEH e pat’ t‘er‘ﬁ‘rﬁm’c‘rren%x‘t‘r Si%h prés ?é"

instruction_(.U_ which is corrected as a result_of the. | diat el y. precedi ng
trial operafirom CadT e Ereda’’ Sb\ap‘tﬁcat‘e’d" Fidi ef%‘“g BELA £ ‘Qé\hen

four trial gperations are. |ré?ep$1nf1enu Q,on,cilupg AFJ‘.Q the §<§(§re n@n@er as the

enbodi nents, it I°S p053| bIE" preventtie €orrec Ing” va ue- f rom di verging, . |

and hencg it i/ nc:ci@}zleql er;ltc I:%st:tle LhodiJrents; thes txdplyopegation is

conduct ed" 157 'Four he nunber of tri'al” operations is not restricted
e Bhove CORRTEREICTeL gt ARE A MIEY Sppdistad ot yRe, LI
In the abcve, the embodiments in wh*ch the target '
exﬁrusiqn speed (* is constant over one cgc;e of the
.extrusfoh operation have been_descrlbed._ The 1nventlon may
iO be applied to the case_whefe_the target extrusion speed (r)
is changed in a fixed pattefn over one cycle Qf the extrusion
operation. |
| In the embodiments, ﬁhe oveishoot amount (OV), the
average rlse time (mAV), the steady-sta+e error (ES), ete.
15 are used as the trial evaluatlon characterlstlc value.
Alternatively, another characteristic value may be used as
the trial evaluation characterlstlc_value. ; |
As the triai cerrecfing &alue, the_advancing amount,
the ektrusionepressure ihstfuction maximum velde_(UMAX),'the
20 manipulated variable limitation time (TLMT), the steady-state
.'_manipﬁlated:variable (US){-etc. are used. Alternatively,
another'characteristic value may be used as the triel
cbfrecting value. |
In the embodimenﬁs,'when the time-series pattern of
25 the extrusion pressure instruction-(U) is to be corrected on

-the basis of the overshoot amount (OV) or the like, four .



control of the extrusion speed of the al umi num extrusion 20' controllet 20
or the Ilke The |nvent|on 1S not restrlcted to suc ue-< = y

heat bondlng synthetlc resin films. In thgyenbodi nenfs,

the al umi num 25 - extrusion controller 20 ©r the Iike |@meealtzed
42 Alternatively, the whole of or a part -of the portioF
CPU 64 may be realized by a hardware logic. In the control apparatus and_'
the control nethod according to the invention, the.tri al: mapipulated

pattern is 5--Cor rected -on - HE HastEBi® ??ﬂ?t¥|ﬁﬂﬂﬁbgruatlonhcharacterlstlc
val ue whi ch J_s .ext. raan dlht;gttorg__tg,e dargel cogt;pl ed, ,PaLLeER athe trial

e, A e e [y ]

Fial mani put ated pat er'n “the” corrected trial

meni pul at ed , ?%Lg <N &ahﬁLdv@§ gJuﬁrg &80k puh at ed- PéEEEFHDrQBQuLQe

mani pul at ed ari’abl’e s output o efba5|s of ‘the criterr al
mani pul at'ed ; Q%Lte&p”,qpe[pfqmgqﬁMyygtég;;gg@g@l gpga&a&ys~|§§eLﬁglearns

the trial operation, it is possi bl é to selt- ach|re the criterial

- mani pul atsed patdRiN.ve Theref Y -dhe diser is-804a4 5verequtﬁ§dtgoagenerate
the criterial mani pul ated pattern. [In other words, the criterial )
nﬁnlpU|atedﬂ%@ﬁEeTnvﬁ&ﬁve%@|dbd*td££“”iﬂ4ﬁjd!ih@utnéeﬂuhéLﬁereeﬁebéttern
know edge of "the control. Furthernore, it i.s possible to directly know a
casual reIabwoe&@l@gbetweemtdyéggu 23! Jﬁﬁﬂﬁuﬁﬁi&ﬂ pattﬁnﬂchndstberrected

as a result of the immediately preceding trial operation, as
the criterial manipulated pattern.
10 - When four trial operations are independently

conducted in the same manner as the embodiments, it-is

({1

cssible t

"3
0
g

revent the correcting value from divergiang,’ and

ot
'..J
(4]
(¢}

ence i

o

cnvenient.

In the'embodiments, the trial operation is conducted.

[oy
(V)]

four times. The number of trial operations is not restrlcted”
to this. .cor example, he trial operation may be conducteo
only one time. |

The above embodlments are directed to the case of the
control of the extru510n speed of the aluminum extruSLOn |
2Q. controller 20 or the like. 'mhe anentlon is not restricted
to such a case. For example, the lnventlon may be applled to
the temperature control of a sealer for heat bondlog
synthetic resin films. |

In the embodlments, as shown in Fig. 2, the aluminum

25 extru51on controller 20 or the like is reallzed by the CPU



20 trial controlled pattern corresponding to the trlal nanipulated
pattern. Therefore, even when the |earning of- =

“is insufficient, the user can easily correct t pattern
on the basis of the trial controlled pattgpn cg respondlng to Itrlal 25
nanlpulated pattern. In other words, the™Crite i :
pattern can easily be generated mﬁthout requirimg : . e of the
control . The | eam ngton for generating the crlterlal nanlpulated pattern
is conducted jn a.trjal operatlon recedi ng.an_actual eratlon Unllke
the case where th TN NG 145 cu %u‘t‘?‘éﬂzi IaR~alt BEF ™ ogeréﬁloﬁc‘ =+0
accordingly, the convergence properties of learning. result ensur.

I n ot her words,” 'T%e éffqgrla dgnl %I%ﬁedz%afgg “%gnggaé|%a ggag%ner r&d

whi'le preventing the le%L'ngjli”n$ﬁuélifﬁérﬁhgr*quELHLﬂgw 18ch0g  IN
the control apparatus, e trial correct |ng val ue necessary to correct the

trial mani pyleled pat tey nymy; ; gﬁrpﬂ&y 54 by: fyzgyni ghenengecha-this ;

case, the correction of the tri mani pul ‘at ed pattern Tn a trial operation

can be eslably,$hed R85 ¢ HYUAS %7 TUE -1 A1 OLPEIuYRE 6fi, chBRatkbLeskak:
mani-pul ated pattern can be generated nDre easily wthout requiring expert

“knowl edge of;afiiR GARIPlis Idkd-hascantsaly a@@@r@éu?ettaentgbmaepeaet;bea
feedback circuit nmay be prOV|ded 20 his case, a tria

operatlon C%HeerQ%ﬂd%@nﬁiol-ed patt rn, or the trial manipulated

patt rn, the corrected ‘trial manlpulated pattern is held as.
jthe criterial manrpurated patcern, and the manlpulaced
.10 variable is ocutput on the.basie of the criterial manipuleted :
pattern.' : |
Therefore, when_the-control apparatus_itSeif learns
the trial operation,'it is possible to Self—ecquire the

‘criterial manipulated'pattern. Therefore, the user is not

[y
w

requiraed to generate the criterial-manipulated pattern,' in
other words,'the criterial manipuiated'pattern can easily.be
generated without requlrlng expert knowledge of the control.

_ Furthermore, it is p0551b1e to dlrectly know a casual
relationshlp between the trlal manipulated pattern ‘and the
20 trial_cbntrolled pattern corresponding to the_trial |
manipulated pattern. Therefore, even’When tne learning of
the control apoaretus”itself_is insuffiCient;:the user can
easily'correct'the trial manipdlated pettern on.the basis of
the trial controlled pattern corresponding to the trial

25 manipulated pattern. In other words, the criterial

aratus itself -



under a feedback control, and hence even a person who is not skllled I n

operation can conduct a trial operation with hi ghjfFer-asr-ty a--other
words, even a person who is not skilled in operat obj ect
can eaS|Iy conduct 25 the.generation of ghe critgri AR pattern.
44 I n the control apparatus, only the criT’riaI ; L0 may be-
supplied to the control object as t he mani pul at ed abe—A—the sct ual
operation:. In this case; in a plant or the |like where dlsturbance can be |
negl ected, g feedf-orwasd el.enent_can be. set, as FIL pulat.e .
“pattern whi %h | gqlfa“tl rre%ser'lge%npaat erag ot- ?ak%a A puTat‘gé ?éf'ﬂ?@fe, Lgtﬁd‘mg

~open | oop capn. e G&\@ﬁe‘l{!}é’ Jy e Ci,llﬁ ial manipul ated pattern.

Accordingly, .4 transfer ement c¢an be se onIy by generating 10 a

criterial nanlpulatedéxﬂ;ernrg¥ 5g deardings ~Ln-other wonds,ihtehs
p055|ble to easily déterm ne a ransfer ['enent. I n the control apparatus,

a feedback sjpgnal-+ hat ds,ggheiated ,JJ&% rb,ggga@o@.timu;gddv%l aR! ecanda

~the criterial manipulated pattern are supp ?led to the tontrol 0Object as the

mani pul aed cgaidaahle: i n grhe actudl Qned afiofe 4Ke t1b8-$286, Lk Ncan@hagbqor
‘the like where di st urbance. cannot be neglected a feedformard el enment can

be set “as ajer isheEcdliaTanidadaatiet patd 5 WY TP, i sha ttreesgenes 20
pattern of a manipul'ated variable, and a two- egree of - freedom control
system can b&ob@ﬁﬁﬂésbxﬁa‘%Mﬂﬁﬂﬁqmresults are ensured. In cther words,
the critsrial m manipulated pattern can easily be generated
~while prsventing the learning from oscillating'or aiverging.
_10 | In fhe control apparatus,.the-triai~qorrecting vaiue.
necessary to correct the tfial.manipuiated petterﬁ may be
calculated_by fuzzy inference.
In this case, the correction of the ﬁ:ial manipulated.
pattern in a triql operation can be eétablished as a language'
1S rule.- In other werds, the criterial manipulated patﬁern can
be generated more easily without__requiring expert'knoﬁledge
of the control. | .
In the control apparaﬁus,.the trial operation
feedback circuit may be provided. |
- 20 . : In'this case, a triel_operation can be conducted
under a feedback coﬂtﬁel, and hence even a.pérson'who_is not
~skilled in'opefation can conduct a trial Cpefation with high-
reliabiiity} In other words, even a persoh who is not
iskilled in operatien of the.control object'can-easily-conduct_

25 the generation of the criterial manipulated_pattern.



mani pul ated pattern and a feedback el enent. |ndependent fromthe feedback -
el enent, accordingly, the criterial nanrpulated pattern can be generated by
means of |earning. [In other 25 words, it is pOS gble—ta paai-ty—de
transfer el enent. 4 5 WHAT |'S CLAI MED g 1. BEFLAGEMENDBHEE$
controls a control 2 -obj ect by -suppl yrmy .a n| pul‘ag ma%bl €
control 3 obj ect so that an output controll ed |paater.n..t.nat i
series pattern of a controlled variable indicatiW =5
"control object approaehes a ta et controlled’patt Dat is.a, time-series
‘pattern of a target “ValtE oF e 7 254 VA ab % Sarat appar at us
conpri si ng: ) erah|%§;ern,holmrt npan_q% holding. a_trial

controlled pattern fh ’i§?¥T|nE°s§ﬁe§§%mﬁt n-of “tRe~ 10"~ "confr8Fred®
Lor,to an actual

vari abl e in_-attj.al; n rafd on . tihat erf or
operation, and ghtrla eé'rranrpu“late pat e#%g %?KL a tlne series
pattern of the mani pyl ated watgable ;3,1 Qpespggd1ng:t95th§ tria
controlled pattern; 14 ' trial eva uation characteristic vaIue
extracti g 45stu-%Rare kan @étH%%hb@&ﬁﬁt’af%eéﬁ%%f%g*@”ecﬂﬁ£§€tEéhSLBC
val ue 15 for evaluating the trial operation, fromthe target 17 .
control | ed patt@sna t-he rbrisak antmwlayidx§44¥ bn Ofhidie 18 2 ciféaberias _
mani pul ated pattern; 19 “criteri al nanlpulated pattern generating

means for 2@atteear beChi AAntikalhticdl VEBNIAMIAL athdad SFe®NLéds B28i Seof
the 21 trlal eval uati on cﬁaracterlstlc val'ue so that the trlal

formed only by the criterial manipulated pattern.

-—.-—.—u—--—-—--—m——. o

or,
x
P

4
I'S

AcCordingly, a transfer.element can be set'oniy by generating
10 a criterial manipulated pattern by meaas'ef learning. 1In
cther words, it is possible to easiiy determine a tranefer
element. | |
In the control apparatus, a feedback signal that is
generated based on the cont*olled variable and the r~r:.terlal
i; manipulated patte:n'a:e supplied to the control Cb]eCL as the
manipulated variable in the actual_eperatien.l
In this case, in a plant or the like where
| disturbance cannot.be-neglected,'a feedforward-element can be
set as a eriterial manipulated patterh whieh is. a time-eeries
20 pattern of a manipulated varlable,'and a two- degree-of-_
freedom control system can be formed by a crlterlal
.manlpulated_pattern and a feedback element. Independent from
_the feedback element;'accordingly; the criterial manipulated.'.
pattern can be generated by means of learningQ In other

.25 words, it is possible to easily_determine a transfer element..



22 controlled pattern approaches the target controlled pattern, 23
~and for holding the corrected trial . nanlpulated pattern as a 24

criterial manipul ated pattern that serves as a
time-series pattern.of -the mani pul ated vags abl elji
and criterial manipul ated pattern outputing nmea
criterial manipulated pattern at | east part of
variable in the actual operation. 1- ,

accordi ng t%ﬁggaumn%tég rwhereln the criterial nanipulated'pattern

‘generating 45 %'s, by fuzzy inference, a trial correcting :
val ue t.hat 4 IS necesggLM .o Gorrect. tne t;*al nanl pul at e paLieLn on t he
basis of the trial éval Uation Chardcteriat]c value 30 tRhat fhe“trial

~control;l ed patiern -3PRLRAGHAS, & he_L alaal; sonpirolled 7. -pattgrasncopfects
the trial manipul at éd pattérnon t e Basis 8 of "the tri al correctlng :
val ue, ;and Belsde<t e @thegpedduudy Alpufgﬂnéanggedapat;egn as Lheiqe-
criterial mani'pul ated pattern. 1~ - . The control apparatus
accordizng t @aglidismphcsdrn Jur h@n:@.@Méé'ﬂQ:faﬁP@dbﬁ’&k~§t£C§Ib dediseated
to the trial 3 operation, wherein in the trial operation the trial

oper atizon 4¢7 theedbaclk i b@ﬂébJEaﬁﬁxyxﬂﬂégjé(kd*§e©0@¢ﬁﬁiobb$@Cbamb€fﬂaS
5 the criterial manipulated pattern outputting nmeans is 6 di sconnect ed
fron1the conhaal igbjpeetimeandriizst hatanitinlofl a opefet ionltdeofrtherial .
mani pul ated pattern outputting neans 8 is connected to the control object
wher eas theﬁbntah19vavdp®n@t|sa*ﬁeadhm&bﬂnswnnmprrsrhgconnected fromthe
contr ol

8 : trial pattern holding means for noldlng a trial

9 controlled pattern that is a time-series pattern of-fhe

10 céntrolled_va;iable in a trial operation that is performed"
11 prior to an actual creraticn, and a trial ménipulated pattern
12 that is a time-éeries'pattern of - the manipulated variablé
13 ofe}a resoond*ng to the tri al ccntrolied pattern;

' a
&

trial evalua-lon cnaracte:istiC'value extracting

15 means for extracting a trial evaluation characteristic value
15 :for evaluating'the trial operation, from the'target

17 . controlled éatterh, the-trial contfolled pattern, or the

18 trigl manipulated'pattern;

19 _ criterial manipulated pattern_generatihg means fqr'

20 correcting the trial manipuiated patterh on the basis of the
21 trial evaluation charéctéristic value so that the trial

22 controlled pattérn approaches'the target controlled pattern,
23 and for holding.the_corrected trial manipulated pattern as é
24  criterial manipulated patternlthét servés as_a.criterion.of a

* c L M H] *



10 object. -~ 4. The control . apparatus according to claim1 , wherein

only the criterial manipulated pattern is supplied to 3 . t he control

obj ect as the manipul ated variable in the actual T W The.
control -apparatus according to claiml, 4 wne eR %ﬁ%ﬁggﬁEng al :
gener ated based on the controlled 3 . varTable amnd the'Z(‘fr IMAR ni pul at ed
pattern are supplied 4 to the.control object dsPRe: mani purared Vari abl e
in the 5 actual operation. 6. A nethod of contT0|||ng a controI obj ect

by 2 .- supplying a nanlpulated vari able tq the co troI ect so ~ i nad

an output cortForPed>ParferA-thaf 8% TermEls& e **T%ﬁtefh ot “¢°£§

controlled variable indicative of a state of the 5 control obJect
appr oaches a—?arget‘ControIIed pattern that is 6 "~ a tine-series pattern of

a target value of the. controll .- .vani able, _conprising fhe,stfpseof @
obtairfning a trial cONrrorfraa P ““tﬁat%2“°“f%lgg i;' §%$|es pattern of

patteér
a controlled yaFLapke Lp.a trial..qp e%g“ A 11Q g +d-S) PR Frddpd Ju+orcto
an acfual opera I"on at IT ““ani pul at ed pattern that i's a

L.

6N [~ :
time-series, ﬁ?tﬁSHnaﬁfa hg ¥2r:27B0 pY ated Jafjablgsaryrsponding to the
trial “¢ontro ) pattern, 14 extracting a trial evaluation-
characteristic value 15 for evaluating the trial operation, fromthe

t ar get

&
at
tia
fia

1 - 2. The control.apparacus according to claim 1,

2 wneiein the cfiterial manipulated pattern generating means

3 calculates, by ruzzy _nLerence, a trial correcting value that
4 | is necessary to correct the trlal manipulated pattern on the

basis of the trial evaluation characteristic value so that

v

[¢)%

-the trial controlled pat,ern anorcaches the target cont*olled
7 . pattern, corrects the trial manipulated pattern on the basis

8 of the trial correcting value, and holds the corrected trial

0

manipulated pattern as the criterial manipulated pattern.

1 _ 3. The control apparatus according to claim 1,

3%

fnrther COmprising a feedback circuit dedicated to the trial

3 operatlon, wherein in che trial operation che trial operation
4 feedback circuit is connected to the control object whereas

5 the criterial manipulated pattern outpnctlng means 1is

é discbﬂnected_fromlthe control'object,dand in_the actnal

7 ..operatidn the criterial.manipulated”pattern'outputting means
e8' is connected to the: control object whereas the trial

9 operatlon feedback c1rcu1t lS dlsconnected from the control
10 object, | /’ffﬂﬂ;ﬂ;ﬂ’ﬂ_f/,,_f_

NN L A n



48 controlled pattern the trial controlled pattern , or the trial .
mani pul ated pattern; .:3 : correcting the trial manipul ated pattern
on the basis 19 of the trial evaluation charactgristic value so that the

20 trial controlled pattern approaches jhe targgtn Rk : 18
d hol ding th d trial Tanipul £ BT,

pattern, an olding the ccrrected tria ni pu ed pgtre § a
criterial manipulated pattern that serves as a crfi tgfd. b IMR- ' a :
tine-series pattern of a manipulated variable in the-24"""A¢{ I opdrati on;
and 25- - - OUILP!Jt-&_'Hegcéﬁiézgi' LebLak n'a%%'e%%@ﬁa:g &, a3 At 25
| east part of the manipul atéd variabFe i nthe “actua operation.

! whersin only the ::i:eriai-manipﬁlated satiarn 15 suppliied to

3 the ccntrol object as the manipulated wariafis in the actual

2 c::e_ra:;cn.

I 5. The control apparatus ac;srding to claim i,

N

wherein a feedback signal generated based on the contrclled

3 variable and the criterial manipulated pattern are supplied
& to the control object as the manipulated variable in the
5 actual operation.

-

Lo . §. A method of controlling a control object by
2 supplying a manipulated variable to the control object so

3 . that an output controlled pattern that-is a time-series

£~

pattern of a controlled variable indicative of a state of the

w

control object approaches a target controlled pattern'that is

6 a time-series pattern of a target value of the controlled
7 variable, comprising the steps of:
8 obtaining a trial controlled pattern that is a time-~
9 + series pattern of a.controlled variabie in a tfial'operétion
10 that is performed prior to an actual-oéeration, and a_triél
1i manipulated pattern that is a time—series.pattern of the
12 manipulated variable correspénding to the trial:controlled
13 pattern; | |
14 extracting a trial evaluatidn.characteristic.value
15 for evaluating the trial operaﬁion,;f;oﬁ'the target

I



9

ccntrclled pattern, the trial controlle sattern, or the
=-ial manipuiated zattarn;

correcting che trial mahipulated catitern on the basis
of the trial evaluation charadteriétic value so that the |
trial ccntrolled'pattern a@proaches the target controlled
pattarn, and hoiding the cdrfeczsd trial manipulated pattern

as a criterial manipulated pattern that serves as a critarion

0

f a time-series pattern of a manipulated variable in the
actual orperation; and
outputting the criterial manipulated pattern as at

least part of the manipulated variable in the actual

' * c L M. s *

operation.



